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This, the twelfth annual report of research and technologic work con- 


ducted by the Bureau of Mines on coal and coal products, summarizes the 
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research and tests conducted fran July 1, 1946, to July 1, 1947. The 
Organic act of Congress establishing the Bureeu of Mines authorized tech- 
nologic investigations of all phases of mining, preparation, treatment, 

--and ‘utilization. These emer peepee? a cover eight main fields of activ- 
ity. The exiphasis on individual projects varies from time to time. The” 
United States’ possesses about cne-half of the coal reserves of. the world. 
These reserves are not always of the quality desired or in the place where 
they could' best’ be’ used.’ It- is: necessary: to- continue regearch in order 
that increased Output, greater recovery, and better quality can be.majin- 
tained unter safe’ mining conditions. » Coal. comprises 98 percent; of the known 
fuel reserves of the United States and cventuelly must a over a) of the 
Regu semen te now. , Supplicd by petroleum and aoe gas. : oe Ree. igh, ) 


~The ‘purpose of this report is to. bring = ‘the ‘reader e resume of the 
work of the’ fiscal: ‘year. * ‘The material. presented. herein is based. largely 
upon publications. _ In a few instances the results of research that would 
not otherwise be availabie. in the immediate. future are presented. For 
details concerning the research, it is suggested that the. encore consult 
the pubes coeecne: ‘piven “din ‘the footnote igen 2: 7 


Collected references to all Buréatl of Mines wiii@at tena ‘on coal, are 
published ‘in a ‘series: ‘of bibliographies. . Technical Paper 576 covers 1910 
to 1935; Technical Paper 639 covers 1935 to 39405 and deste sce! Paper 698,6/ 
issued int 19k7; covers + 19H0 bo 195 Lana Couey ae 


Foliowina ‘the ee ey demand for coal ‘during. the war, the ‘Bureau 
of Mines completed all war research on coal and.directed | ‘its efforts , toward 
improvenerits ‘in mining, preparation, and. utilization of coal for national 
security and peacetime cconany Be ae emphes $s was. pleas bo, consents 
and SOLeNy. Beseenons _ ot tog | 


evo’ ve Federal agencics was sentinued: on, fue ea eati cn problens, 
fuel end Peat ae equipment, teste of fuels and pOller-roan: equipment, 
instructions on the storage of coal, ‘analyses of boiler water, recommenda- 
tions aS ‘to béiler-water-chemical : treatment y.and.,the, supplying of boiler- 
water test kits, ‘Such services, including:those within the’ Bureau of Mines, 
_ required‘ thé‘ analysis ' of 18,045: semples:of coal,; coke, char, tar, pitch, 
hydrogenated: residues , heavy oils, pasting oils,. organic compounds, distil- 
» lation epee cae » and coal-mine dusts . Government purchases, ond: tipple 


Ficldver, Ammo C. gr (Cogl Research . Activities of thé Bureau of Mines: 
7 Bureau. of .Minea Inf, Circe. 7361; , August 1946,.14 pp. 
5/ Fieldner, Arno C,, The National Fuel Reserves, Rélation to the Future 
Supply of Liquid Fuels: Mech. Eng., March 1947, pp, 221-226 and 228. 
6/ Fieldner, Arno C., Fischer, P. L., and Pollock, Marjorie B., Bibliogra- 
a phy’ of Burean of Mines Investigations of Coal and Its Products 1940 
“to’°1945: Bureau of Mines Tech. Paper 698, 1947, 53 pp. 
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inspections accountéd for 3,666 samples; Bureau of Mines research on compo- 
sition, preparation, combustion, carbonization, and liquefaction, including 
work for the Federal Geological Survey, accounted for another 7,713 samples. 
The coal-mine inspectors and engineers of the Health and Safety Branch sub- 
mitted 6,623 samples of coal-mine dusts from the Nation's larger producing 
coal mines. . 


jnedeasing concer over depletion of high-grade coking-coal deposits 
led to the development of additional reserves of coal for making metallurgi- 
cal coke. Two investigations to determine minable. reserves of coking coals 
were completed, one in Maryland, where about 500,000,000 tons of coal that 
by suitable preparation methods could be used for making metallurgical coke 
were indicated, and one in Alabama, where a 14,000,000-ton reserve in thin 
beds was indicated. Another investigation was continued to determine the 
amount and coxing quality of coal in Gunnison County, western Colorado, 
_ that could supply needed coking coal for the western steel industry. In 
Alaska, an investigation of Pees coal reserves was started in the 
Matanuske field. 


The onactitcan tity ‘of using screpers and other light earth-moving equip- 
ment for strip-mining areas of limited extent and with moderate overburden 
was shown in.a study completed this year. The efficacy of a scraper-shaker- 
loader designed by the Bureau was demonstrated, and minor improvements in 
design are being made before the machine is again placed in test operation. 
A special type of shearing machine was proved by underground tests to be 
particularly suited for cutting steeply pitching anthracite beds. Designs 
were completed and construction was started on a coal planer with vibrating 
blades to simultaneously shear off and load coal in longwall mining. 


Factory tests and cxamination of tunnel air during construction of the 
Delaware aqueduct showed that the carbon dioxide, carbon monoxide, and oxides 
of nitrogen content of the air in Diesel exhausts did not increase to a pro- 
hibitive amount; algo, the oxygen content of the air was not depleted to any 
Significant extent. 


-Continuing its program to eliminate thc hazards to life and property in 
the manufacture, storage, and use of explosives, the Bureau conducted over 
2,300 tests on permissible explosives and blasting devices, new types of 
industrial explosives seeking to utilize surplus military stores, and hazardous 
chemical materials, Six new explosives were added to the permissible list, 
raising the total number approved to 186. To mect the requirements of 
increased mechanization in coal mines, a reevaluation of the Bureau's per- 
missibility tests has been undertaken; and, after 650 large-scale tests in 
. the Experimental mine, permanent approval was given for an increase in the 
maximum charge weight of permissible ee from l. a to 3 pounds per 
shot, 


Aaowee speech to the oo of providing critically needed coking 
coal was followed in the Bureau's studies of upgrading high-sulfur or high-ash 
coals to make them suitable for. a ence use. Such preparation studies 
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were. inde in etneotien with the coal- Anvestiesticn project in Maryland, 
where several hundred million tons of additional coking coal reserves are 
indicated, provided that-the sulfur and ash can be reduced to a suitable. 
figure, Limitations | ‘of présent preparation methods to reduce sulfur content 
to meet metallurgical standards was shown in a study of coal fram an area in 
western Pennsylvania estimated to contain half the recoverable coal in the 
Pittsburgh bed in this State. A-systematic study of typical commercial 
preparation plants was initiated to appraise the factors that limit and 
influence the beneficiation of lower-grade coals, and field work at two 
plants has been completed. A method for recovering fine-size coking coal 
formerly wasted has been developed by the Bureau and is now in commercial 
use. Analysis of data obtained in a survey of coal-preparation practices 

in western Europe disclosed new ash-removal methods and technological — 
developments that will be of value to the American coal industry. These’ 
included methods of preparing very low ash coals’for the synthetic liquid- 
fuel industry and.use of a cyclone coal washer for cleaning fine coal and 
clarifying washery water. Construction of the building to house the coal- 
preparation pilot plant at ae ; Pa. » was completed » and equipment is 
being installed. | 


‘Research in subbituminous coal and lignite on a pilot scale indicated 
the efficacy of a steam-drying process that would expand the market area 
for these i and permit their atorage for long periods. 


Types of fuel and fuel-burning equipment were determined for 58 new 
hospital projects of the Veterans Administration. At the request of the 
Navy, a program giving special instructions to Navy personnel on inspecting 
and sampling coal at Navy land stations was well-started, many stations 
being visited. Improvements were made in boiler-water conditioning for 
Federal boiler’ planta, ‘and improved test procedures were devised for control 
of chemical treatment.: Research was started on a new chemical for preventing 
corrosion in condensate return lines that gives promise of being much cheaper, 


Research work was continued on corrosive external deposits on boiler 
equipment that cause excessive boiler outage and maintenance expense. One 
phase of this work has resulted to date in substantial improvement in the 
maintenance and- operation of air preheaters throughout the United States. 


Basic factors have’ been evaluated in the Bureau of Mines study of corro- 
gion of boiler tubes. Field and laboratory studies of protective coatings to 
provide corrosion resistance are showing very promising results. Investiga- 
tions of heat absorption and effect of coal-ash slag on operation of large 
contral-station boiler furnaces was continued in laboratory and field studies. 
Eight tests of a gas producer designed to make rock wool and gas from Rhode 
island anthracite have indicated the desirability of using preheated air for 
the blast. The volume of smoke produced by packaged fuels of various types 
was investigated in tests eee domestic furnace conditions. 


Aiding in the Seeeeh for new coking coals to replace depleted reserves, 
the Bureau of Mines continued its investigation of the carbonizing properties 
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of American coals, with tests on one coal each from Kentucky and Virginia, 
four from Pennsylvania, and five from Alavama. Similar tests were made on 
one coal fran Venezuela and on three samples of asphaltic material from — 

rgentina. Study of effect of coal size upon carbonizing properties indi- 
cated improvement of coking properties for the smaller sizes of some coals. 
Complete gasification of lignite was obtained by using en externally heated 
alloy retort for production or geS and char and fluidized-bed producer for 
gasification of the char. 


The possibilities of efficiently using scme of our coal resources with- 
out extensive underground work and of utilizing beds that cannot be mined 
economically hes eroused Nation-wide interest in the underground gasification 
of coal. In January the Alabema Power Co. and the Bureau of Mines began an 
experiment with this method at Gorgas, Ala., where an isolated block of coal 
was ignited and gasified with various combinations of air, oxygen, and 
steam, The results of this exploratory test were favorable in that the coal 
was relly consumed in the gasified area and the root rock expanded to occupy 
the space left as the coal was used up. However, the heating value of the 
gas waS low. ‘Further tests should be mede. 


Construction of the facilities required to carry on the Bureau's program 
of synthetic liquid-fuel rescarch and demonstration has been hampered by war- 
time and postwar shortages of men and materiald ever since the work was 
authorized in 1944, Nevertheless, three of the four major installations were 
egrets ee approaching completion at the end of the 1947 fiscal ‘year, 


Several new and improved methods that promise lower costs fox gasoline 
and oil from coal are under development at Pittsburgh and at Bruceton, “Pas, 
where ncw pilot Plants are neuring completion. 7 


A coal-hydrogenation demonstration plant to produce 200 barrels of. 
gasoline a day is under construction at Louisiana, Mo. The site of this 
plant is the Missouri Ordnance Works, which was made available to the Bureau 
by the War i aera 


Much depormatiGs, unavailable nei the war, on the mining, preparation, 
and utilization of coal in Germany and other European countries was widely — 
disscminated to industry through distribution of published and microfilmed - 
reports containing data gathered by Bureau of Mines personnel and other 
inves ti gators while on foreign a aaa 
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ORIGIN, COMPOSITION, AND PROPERTIES OF COALS 


Inspection, Sampling, end Analysis 


Coals, particularly those of high grade, continued to be scarce eens 
out the year owing, in part, to export demand and, in part, to domestic 
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activity. As a result, Government agencies had difficulty in obtaining 
enough coal to meet requirements and in many cases had to either extend - 
contracts made in previous years or accept such coals as were offered. The 
Office of Indian Affairs, whose requirements are almost entirely in the 
western fields, was able to purchase its coal supply on a guaranteed analy- 
sis basis. The Department of Justice purchased a part of its supply and the 
War Department purchased a limited part of its supply in the Sixth Army area 
on this basis. Other purchases were made at a fixed price not subject to 
adjustment for coal quality. Coal requirements of Federal agencies for the 
fiscal year were estimated at approximately 7,000,000 tons, the War Depart- 
ment being the largest purchaser and the Navy Department the second largest. 
Recanmmendations were made for awards of contracts for sane agencies and 
farnished other agencies with analyses for use in evaluating coal bids and 
for use when substitute coals were offered. 


' Upon the request of the Navy Department, the Bureau instituted a 
program at Naval Stations for sampling coal and acting as technical advisor 
on its inspection and sampling. Two engincers, detailcd for this work, 
maie 150 visits to Naval Stetions during which sampling procedures were set 
up and recommendations made for installing sampling equipment and for the 
storage and ena of coal. 


For the use of various Government agencies in making coal purchases 
and for public information, tipple and face samples were collected at 160 
mines in various States. Special samples for. research on washability,- 
carbonization, and gasification properties and miscellaneous tests wero 
taken in 70 mines. 


Analyses of Arizona, California, Idaho, Nevada, and Orcgon Coals 


The anelyses of coals fram five Western States - Arizona, California, 
Idaho, Nevada, and Oregon - have bcen. published in a technical papert/ as 
enothcr in the series describing coals of various States. Descriptions of 
the coal fields, including geology, occurrenec, nature, and thickness of 
beds, were included and supplemented by maps showing location of beds in 
four of the States. Production, distribution, and use of coal in these 
States and the relationship of mine samples to commercial shipments were 
discussed. Descriptions of mine, tipple, and delivered samples included — 
chemicel analyses, calorific values, classification by rank, egglamcrating © 
indices, and fusing temperature of ash. The location and description of a 
numbor of operating mines were included, with data on nature of oor and 
floor and on thickness of coal ie partings in the beds. 


Ficldnor, A. C., Andrews, D. A., Hendricks, T. A.,. Huddle, J. W., Bell, 
C. H., Anderson, R. L., Snyder, N. H., Cooper, H. M., Abernethy, R. F., 
Tarpley, E. C., and Swingle, R. J., Analyses of Arizona, California, 
Idaho, Nevada, and Oregon Coals: Bureau of Mines Tech. Paper 696, 
1947, 83 pp. 
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Data on Coals in pisenioe 12 it end 16 


A data soue8/ eee information. on, eo hippie: ana ude mines Hayne 

a daily capacity of 50. tons or more located in Coal-Producing Districts 12, 
14, and 16, covering the bituminous-coal-producing areas in Iowa, Missouri, 
Kansas, ‘Arkansas, Oklahana, and Texas, was published. This book contained 
descriptive tables giving names of mines and producers, location, coal veins 
or seams: worked, and originating railroads for those mines served by rail. 
Mines were indexed and their locations shown on maps. Tables of specimen 
analyses and-of the usual range of analyses produced in the districts were 
given. a fg 


Lao BEeOy Lists 


A set of four ena of commercial laboratories equipped to make various 
types of coal and ccke analyses, determinations of free silica, and gas anal- 
yses was puodlished. The Bureau of Mines does not make commercial analyses, 
and these lists of laboratories were compiled for the information and con- 
venience of inquirers. ‘They comprise partial lists of latdoratories using 
methods recaqumended by the American Society of Testing Materials for analysis 
of coal and coke in the Eastern States (List 1), the Southern States (List 
2), the Middle Western States (List 3), and the Western States (List 4). 


Analyses were made of 3,666 coal samples from ‘purchases of coal and 
purchases. Of these, 71 percent were for.the War and Navy Departments, and 
the remainder were for nine other departments - and agencies. The Burceu's 
research and test work relating to the mining, preparation, and utilization 
of coal and coal products required enalysis of 6 »5)>, Samples, and 360 samples 
of marine sediments from drill cores taken fram. ‘the YLloor: oz the Gulf of 

4c6xico were analyzed for the Geological Survey. os 


An increesed number of coal-dust samples" from a ‘Larger number of mines 
were required this’ year than in the previous year: to, essist the Fedcral 
coal-mine inspectors in determining whether’ safe conditions existed in mincs 
and to assist in formulating recommendations “in .connection ‘with mine inspec- 
tions. In all, 6,623 samples of road, roof, rib, and gob dusts from 1, 085 
nincs in 18 States were analyzed. | 7 | 


The analytical services given to aid the various research end service 
Programs: in the Bureau and to other Federal agencies required analysis of 
18,045 samples and making 174,325 nr 


Ficldner, A. C., and Sweeny, H. P., Tere et Analyses of Bituminous..Coals | 
Produced in Districts ie, Ls and 16: Bureau of Mines Deta Book, yol. 
(fe 1946, 74 pp. | 
9/ Laboratory List 1, Eastern States, May MG, ” ‘pe; Rabevatory List 2, 
Southern States, May 1946, 2 DD.; Leboratory List 3, Middle Western 
States, May 1946, 4 PP. 5 Laboratcry List 4, Western States, May 1946, 
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Constitution, Properties, and Analytical Methods 
Extractable Waxes fron Lignitic and Subbituminous Coals of the United States 


The investigation to determine whether montan wax similar to that ex- 
tracted commercially in Germany from certain brown coals can be obtained 
from low-rank coals of the United States was continued with extraction tests 
of lignitic and subbituminous coals from Arkansas, California; Colorado, 
Montana, North Dakota, Oregon, Texas, Washington, and Wyoming. Table l 
gives results of these tests, using benzene and a benzene-alcohol mixture, io 
the solvents reported to have been used in Germany for extraction of montan 
wax from brown coal. The results show that the highest yields of extract 
were <>ytained from certain Arkansas and California ligites. The coals ex- 
amined from tne other sources do not yield enough extract to make them | 
appear attractive as commercial sources of montan wax. Higher yields were 
obtained using the benzene-al cohol mixture than with benzvne alone. 


TABLE i. - Yields of extract from air-dried coals, calculated to 
ary ash~free coal basis, percent 


O percent benzene, 
20 percent ethyl 
alcohol _ 


Benzene 


Lignitic coals 


ArkanSaB® secovoccseceseve. | 88 - 10.8 13.6 - 16.6 
California eo ee sveecucereeiers: 8. 2 = OY Big ak = 1535 
Montana eereeereeoeceoeseoe, acs Ce 
“North Dakota: wsndewwes eee | beOoe ‘eve 2.9 - 4,5 
TOXES: 25ikGweeseeesesnns [eed = 2e5 5.6 = 527 
WaShineten: 6sss.sewaseeaee 2.7 Leuk - 5.7 
Sucbituminous coals 
COlOrad > -22.4:34465 sie saeans - 2.6 
Montana see eda ceeecece - 2.0 
Oregon Coes cccccseoroevece 3 @) 


W omin 


eaeeeveveeeaneseasnee. 


Physical and chemical tests of the extracts fram the Arkansas and Cali- 
fornia lignites examined showed that their properties were similar in many 
respects to crude cammercial montan wax. The solvent used in the extraction 
had some effect on both yields and properties. The "resin" content of the 
extracts was in most cases somewhat higher than that reported in the litera- 
ture for montan wax of commercial grade. 


Analyses of Miscellaneous Materials ~ 


Chemical analyses were made of 123 samples of a wide variety of materials 
taken in connection with invostigations concerned with the utilization of 
coal and health and safety in mines. 


Twenty. boiler-water compounds and 19 boiler scalcs or water-formed 
deposits were analyzed in connection with studies of voiler-water treatment 


2106 SS Tin 3 


Google 


I. C. 7446 


in Government heating and power plants as part of the fuel-engineering serv- 
ice furnished by the Bureau of Mines to other Government agencies. Analyses 
were made of 10 samples of deposits from air heaters of boiler furneces as 
part of a study of the properties of these corrosive deposits. Ten samples 
of external deposits fram boiler tubes at several power stations and samples 
of iron pyrite and ferrous sulfide were analyzed. in connection with an in- 
vestigation of the mechanism of formation of corrosive deposits on boiler 
surfaces. 


Analyses were made of 17 semples of slag and ash from tests of a slag- 
ging gas producer using Rhode Zonone anthracite as fuel for the direct 
production of mineral wool. 


An analysis of ash of pect coal from Japan showed a composition 
saqnewhat similar to ash of some coals in the United States, but this ash 
contained a comparatively low Fes05. content of 4,1 percent. 


‘Analysis of one soot remover showed it to be essentially common salt 
with a small quantity of magnesium suifate and ultramarine blue coloring 
mneterial, while another contained salt with some sodium chlorate and the 
same blue coloring material. 


_ Eleven semples of rock-dusting materials were examined to determine 
theix suitability for use in coal mines to prevent the propagation of coal-. 
dust explosions. Limestone or dolomite dusis are preferred because they 
are generally low in silica and combustible matter, do not cake excessively 
when exposed to moisture, and are available in most coal fields of the 
United States. Gypsum dusts are seldom recammended, because they usually © 
form a hard cake when wetted with water and dried, thus losing their effec- 
tivencss. Four of the samples examined were fran Missouri end consisted of 
two limestones that would oe suitable for rock dusting and two mixtures of 
limestone with sodium bicarbonate. The bicarbonate had been added on the 
theory that carbon dioxide would be liberated by heat in an explosion, 
creating an inert atmosphere that would add to the effectiveness of the 
rock dust. However, these mixtures when wetted with water and air-dricd 
formed relatively hard cakes; therefore, they were not considered desirable 
for rock dusting. One sample of gypsum from Utah and three from Colorado 
Ehowed high caking propertics when wettcd with water and were unsuitable for 
use in wet mines. One limestone from Colorado was of sufficicnt purity for 
rock dusting. : | 


Five catalysts from coal-hydrogenation plants in Germany were analyzed 
for main constituents in connection with the Synthetic Liquid-Fuels Program. 
Those analyses included detorminations of silica, iron, aluminum, molybdenun, 
zinc, and chromium. Tin and total halogen were detcrmincd in three residues 
from coal-hydrogcnation tests in which tin sulfide and itodoform had been 
used as catalysts. Tap weter from the Synthetic Liquid-Fucl plant at Bruce- 
ton, Pa., was analyzed and found to be suitable for drinking, es it contained 
not more than 0.02 part per million of lead. 
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Six samples of foundry coke fram ovens in Alabama contained 0.022 to. 
0.041 percent phosphorus. An appreciable quantity of vanadium was found in 
a sample of coal fram the Sillapata bed in Peru, South America. . The ash of 
this coal contained 6.9 percent V205; which was equivalent to 0.95 percent 
in the coal, as received. Small quantities of vanadium also were detected 
in two thor coals fran Peru. | 


Analysis of a ni@aesh boghead-cannel coal from Quincy, Mo., eeuneeee 
for use aS a fertilizer material if high in potash, showed less than’l per- .. 
cent potassium oxide. Three samples of experimental low-temperature coke - 
made fram coal to which sodium carbonate had been added to make activated 
coke were analyzed for carbon dioxide. Most of the carbonate remained 
unchanged during the coking period and accumlated largely in. the finer 
sizes of coke. Fusain in a tipple sample of Hiawatha-bed: coal from the King 
mine, Carbon County, Utah, was determined by ‘ne chemical oxidation method 
to be 1.7 percent on an as- aEecesvee basis. 


Otner materials analyzed includea a sans of roof shale from the under- 
ground gasification of coal project at Gorgas, Ala., a heat-reteining sub- 
stance conteining charcoal for covering ingots, a corrosion deposit fram a 
Koehler lamp, copper sheet metal used in explosives research, sodium and 
gold chloride used as a standard in X-ray analysis, a liquid incendiary banb 
that had been made fran a aaa bulb, and furnace-black Bett fram a carbon- 
black plant in Texas. | 


Reflectance of Coal 


A preliminary investigation was made of the method of quantitative 
petrographic analysis of coal proposed by Dr. C. A. Seyler in Ingland and 
based on apparent discontinuous variations in reflecting power of the 
micro-constituents of coal. Seyler has set up a series containing nine steps 
of reflectance, ranging from 0.26 to 4.41 percent, and he states that the 
micro-constituents of coal, excluding spores and cuticles, have rcflectance 
valucs varying discontinuously in the steps of this series » with the lowest 
values in vitrain and the highest in fusain. Approximately 200. reflectance 
determinations were made with a Berek microphotameter on each of two 
polished-coal blocks, one from-a bright coel and one fran a splint coal. 
Frequency graphs of the various observed reflectance valucs did not show 
maxima coinciding with Seylcr's reflectance scrics. It was concluded that a 
more critical test of the Scyler method must await delivery of better equip~ 
monte 


Electron Microsco @ Studies of Metal Fumes and Fischer-Tropsch Catalysts 


The ability of the electron microscope to reveal characteristic crystal- 
linc shapes and sizes far beyond the power of the optical microscope was 
emphasized by study of several specimens. Figure 1 shows an clectron 
micrograph of: chromium fumes, exemined along with other metal smokes in 
connection with hvalth studies. There were extremely thin hexagonal crystals 
and vcry fine globular particles, as smell as 20 angstrans (0.000002 millimeter) 
in diameter, very near the limit of resolution of the electron microscope, 
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Figure 2. - Electron micrograph of copper oxide. 


se . , Original from 
Digitized by | = 
ities by (GOK gle THE OHIO STATE UNIVERSITY 


Figure 3. Figure 4. 


Figure 5. Figure 6. 


Figure 3. - Electron micrographs of cobaltous oxide. 


Figures 4-6. - Electron micrographs of cobalt metal 
reduced from cobaltous oxide, in 
various stages of dispersion. 


Digitized by (SOO gle eae Gree Tare a eRe 


ir 


Figure 7. - Electron micrograph of 
cobalt basic carbonate. 


Figure 9. - Electron micrograph of 
cobalt reduced from cobalt 
basic carbonate in the pres- 
ence of thoria and magnesia. 


Digitized by Cox gle 


Figure 8. - Electron micrograph of 
cobalt reduced from cobalt 
basic carbonate. 


Figure 10. - Electron micrograph of 
cobalt reduced from cobalt 
basic carbonate in the pres- 
ence of kieselguhr. 


Original from 
THE OHIO STATE UNIVERSITY 


Shale, pyritic Shale, pyritic 
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Coal for analysis 1’ 7” 
Bone 1.5” Ash as received 14.4:; 
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Ash as received 11°; 
C-56888 
Log 499 2” - 502’ 
Coal for analysis 2’ 10” 
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Coal for analysis 2’ 2” 
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7.5” coaly shale and shale rejected 
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C-35730 
7.5” coaly shale and shale for anatysis 
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C-48996 = chemical analysis 


Log 281’ 7.5” - 285’ 8” 
Coal for anatysis 3’ 9.5” 
3” shale and bone rejected 
Ash as received 10.6: 
C-56887 


Figure j1. = Typical coal sections of drill cores from the Georges Creek Basin, 
Allegany and Garrett Counties, Md. 
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Figure 2 shows a micrograph of copper oxide, used in catalysts for Fischer- 
Tropsch synthesis. The needle- or plate- -like cryevale are as small as 70 
angstroms in length and 20 angstroms in width. 


An interesting phenomenon was opserved in cobalt. metal powder reduced 
from cobaltous oxide used in Fischer-Tropsch catalysts. The oxide particles 
sintered into larger amooth droplets of cobalt that were aggregated into 
thin, hexagonal-shaped platelets. Figure 3 shows the oxide and figures 4, 
5, and 6, various states of dispersion of the metal particles. The hexagons 
vary in diameter fram 7 to 25 microns, and their thickness is apparently of 
the order of the diameter of the canponent particles. X-ray diffractim 
analysis also shows that the crystal phase present is hexagonal cobalt. 
These hexagonal aggregates may be formed by forces similar to those operating 
in normal crystal formation, but since the campanent particles do not lose 
their identity and the aggregates are easily fractured, they can hardly be 
classed as true crystals. : —_ 


Electron micrographs have revealed the effects of the presence in 
catalysts of pramoters, such as magnesia and thoria ,» and of carriers, like 
kieselguhr, in innibiting the sintering of cobalt on reduction, thus pre- 
serving a large proportion of the surface area upon which the catalytic 
activity is so dependent. Figures 7 and 8 show the sintering effect when 
cobalt basic carbonate is reduced alone. This behavior is similar to that 
of the reduced cobaltous oxide except thet hexagonal aggregation is not 
ooserved here. Figure 9 shows the much smaller particle size of the cobalt 
that results when the reduction is carried out in the presence of the 
promoters thoria and magnesia. Figure 10 shows that the addition of a 7 
kieselguhr carrier also decreases the size of the cobalt particles. Measure- 
ments on the micrographs give: the’ following average. particle sizes: Cobalt 
basic carbonate, 0.01 micron; reduced cobalt basic carbonate, 0.22 micron; | 
reduced carbonate and promoters, 0.011 micron; reduced carbonate and kiesel- 
guhr, 0.028 micron. Surface area measurements by a nitrogen adsorption 
method confirm this beneficial behavior of pramoters and kieselguhr. 


Petrographic os of Coal 


| Petrographic: anelyses were made of selected portions from approximately 
414 feet of cores from four test-drilling projects and the results used to 
correlate drill-log information and to selectively sample the coal for 
Special chemical and physical tests. These cores were from the drilling 
Drojects at the Geoiges Creek field, Md.; Coal. Creek area, Colo.; Coosa 
field, Ala.; and the Castleman basin, Md. Descriptive columar sections 
which represent typical coal cores from the Georges Creek, Md., project are 
show in figure ll. 


Petrographic anelyses were made of coal representing eight commercial 
coal beds from an 8-inch core recovered in test hole 5-33, Minnesota Creek 


area, near Paonia, Colo. Data showing depth, thickness, and petrographic 
camposition of these coal beds are given in table 2. 
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TABLE 2. - Petrographic analyses of eight coal beds in test hole 5-33, 
Minnesota Cresk area, near Paonia, Colo. 


Depth to Thickness _ Pexrceit 
coal bed of coal Translucens 


Feet | Inches | Feet | Inches | Anthraxylon attritus 


260 9 6 3 50.2 5.5 

394 8 16 2 41.8 oa. ° 

ube 2 6 10 Er a 2.6 sc 

458 of 4 11 43.2 2.1 | > 

570 @) 9 9 47.5 2.6 |; 1.4 

598 S ee 3 46.9 3.9 | Le 

652 9 3 8 45.9 1.2 Ee 

670 3 3 1 8.6 1.6 “5 
Total thick- _ | 

ness of | 


COAL: whee OL Db | 


fn assembled photograph of the split zsace of the core through the en- 
tire 16-feet 2-inch coal bed found at the depth of 394 feet 8 inches (see 
table 2) is shown in figures 12 and 13. The bended character of the coel 
can be readily seen by examining closely the photograph which shows a con- 
siderable surface of coal in clear detail, 


Four column samples of bitvminous coal from Illinois and Missouri and 
two samples of lignite were analyzed microscopically to determine the petro- 
graphic compositian and evaluate these coals for use in hydrogenation tests. 
Significant data from the microscopic analysis are given in table 4. The 
relative amounts of anthraxylon plus translucent ettritus and opaque matter 
plus fusain are important because it has been experimentally demonstrated 
that anthraxylon and translucent attritus give much higher yields in hydro- 
genation than the opaque matter and fusain in coal. 


Petrographic analyses by means of particle identification and count 
under the low-power microscope were made oi certain float-and-sink fractions 
prepared fram Illinois No. 6 coal, Bankston Creek Collieries, Sahara No. 6 
mine in connection with a coal-preparation study. The content of anthraxylon, 
bright attritus, dull attritus, fusain, and free mineral matter was determined 
in 16 floet-and-sink fraction samples. The analyses showed a definite rela- 
tionship between specific gravity of the float and the percentage of coal , 
components present. Pertinent data from the analyses are presented in 
graphic form in figure 14. 
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Depth, 394’ 8” 


Depth, 404’ 5” 
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Figure 13. - 8-inch coal core split along 
natural fracture planes, |6 feet 2 
inches thick, from drill hole 5-33, 
Paonia, Gunnison County, Colo. 
(Continuation of figure 12.) 
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FLOAT ANO SINK FRACTIONS 


Figure jy. = Percentage of petrographic constituents of float-and-sink frac- 
tions, Sahara No. 6 mine, No. 6 bed, Illinois. 
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Giacial Peat Deposit near Pittsburgh 


A peat deposit discovered near Bridgeville, Pa, a suburb of Pittsourgh, 
during strip mining of the Pittsburgh coal bed was examined L0/ This deposit 
of Pleistocene peat is unusual in its location, a considerable distance south 
ot the area of glaciation, and it provides additional’ information regarding 
the geologic history of the region. Location of the deposit, the topography 
of the area, description of strata exposed in the stripping operation, and 
extent and depositional history of the peat were described. Fossil material 
identified includes mosses, ferns, coniferous seeds, insect remains, and 
bones of a fossil elephant, but a striking omission is the most common peat 
moss, Sphagnum. 


Origin and Constitution of Coal 


In response to many inquiries for summarized information on the origin 
and constitution of coal, the Bureau of Mines published as en information 
circular “What is Coai?"121/ This’ paper was originally delivered as a lec- 
ture by the late R. Thiessen before the Seventeenth Meeting of the Fuel 
Engineers of Appalachian were Inc., at Cincinnati, Ohio, on January ll, 
1937. , 


The botanical origin of the subpitmineus an of the Coos Bay field 
in southwestern Oregon was discussed in a paper presented before the Paleo- 
botanical Section of the American Botanical Society at Boston, Decembor 26, 
1945, and later published in the American Journal of Boteny.22/ 


The unusual uniformly bright luster of the ‘Coos Bay coal results from 
the large amount of finely divided woody tissue accampanying the coal. 
Other features of the coal revealed by microscopic study were abundance of 
plant microfossils, particularly mane of the sclcrotia type, and the virtual 
absence of fusain. ae , 


Study of Materials Relating to Acid Formation in Coal Mines 


In connection with studies rclating to acid formetion in coal mines, 
four concretions, supposedly of the sulfur-ball type, were obtained. The 
mincrals in these concretions were determined by petrographic and X-ray dif- 
iraction methods to provide .a better basis for understanding their origin. 
The following minerals were identified: Analcite, brammallite, calcite, 


4 


bes 


—_—_———$_ $$$ —$ 

10/ Schopf, James M., and Cross, Aureal T., A’Glacisel Peat Deposit Near 
Pittsburgh: Am. Jour. Sodenee , vol. ‘2h, No. 7, duly 1947, pp. 421- 
433. 

11/ Thiessen, Reinhardt, What is Coal? Bureaa of Mines Inf. Circ. 7397, 
June 1947, 53 pp. | 

12/ Schopf, James M., Botanical hpaess of Coal Pepolicgy: Coel from the . 
Coos Bay field in Southwestern Oregon: Am. Jour. Botany, vol. au 


No. 6, June 1947, pp. 335-345. 
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dolmite, kaolinite, melanterite, and pyrite _13/ A discussion on the occur- 
rence and formation of analcite is included. The presence of analcite indi- 
cates that waters penetrating the joint cracks of ae juvenile coal bed were 
elxeline in their reaction. és 


COAL MINING 


kxperimental Mine and Dust Explosions 
Demonstrations : 


Educetional demonstrations of the hozards of mine explosions and of 
means for their prevention were continued during the year for the benefit 
of workers and officials of the coal-mining industry, and for mining students. 
Two lerge public demonstrations, attended by 1,500 people, and many smaller 
oncs were given at the Experimcntal coal mine. The second large demonstra- 
tion, which was held « few weeks aftor the Centralia coaol-mine explosion, 
aroused Nation-wide interest. A new foature that was demonstrated was the 
violent cheracter of the cxplosion of a natural gas-air mixture in a mine 
entry with the mixture containing only 90 cubic feet of natural gas. 


In connection with two large safety meets hold by mining groups in 
Kentucky, a member of the staff gave several coal dust explosion demonstra- 
tions and exhibited: the Een e1rfect of rock ques 


A color motion picture of me of the large Bruccton demonstrations was 
shown at the annual exhibit of the American Mining Congress in Cleveland, 
Ohio. Motion pictures of the demonstratiqns were also shown in newsreels 
throughout me OUntE ys 


Technical facies and seuuaees us Others 


Continued neetecanes, wag given in the preparation of ree codes on 
dusting explosion prevention and on explosion pressure release by cammittees 
of the National Fire Protection Association, and in the preparation of safety 
digests by the Nutional Safoty Council. Technical consulting advice was also 
rendered on dust-oxplosion prevention and other miscellaneous safety problems 
to the War Depirtment, the Department of Agriculture, the National Advisory 
Camittec for Acroneutics, State labor departments , insurance associations , 
end numcrous manufacturers. 


Coal wes mincd from the Experimental mine and prepared for studies on 
hydrogenation, carbonization, and cambustion by the Coal and Synthetic Liquid 
Fuels Divisions. The mino was made available to the Safety Division for 
investigating underground commnication systems and for studies of trip 
lights on mino cars. During tho year about 100 technical men, including 
forcign guests fran many countrics, visitcd the laboratories and the mine to 
became acquainted with the research facilities ond test procedures. © 


Foster, Wilder D.,. and Feicht, Florence L.,y Mineralogy of Concretions 
fram Pittsburgh Coal Seam, with Special Reference to Analcite: Am. 
Minoral., vol. 31, Nos. 7 and 8, July-August 1946, pp. 357-364, incl. 
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Coal Investigations 


Coal Creek, Gunnison County, Colo. | | 


Additional sources of coking coal west of the Continental Divide are 
needed for western steel plants; and as the analyses of coal obtained in 
dismond-drill cores in a hole: drilled in Gunnison County, Colo., at the 
confluence cf Anthracite Creek and the North Fork of Gunnison River indicated 
that these coals had coking qualities, a reconnaissance was made of the area 
adjacent to Anthracite, Muddy, Snowshoe, and Coal Creeks. This area is being 
investigated ty diamond drilling. 


The interest shown by coal-mine Senators in the West in additional 
reserves of coking coal has made. it advisable to ‘publish the aaa 
results of the investigation.14/ ; | 


The area investigated comprises secs. 4, 7, 185.9510, 125-155. 16,. 21, 
22, 23, and 28, T. 13 S., R. OM W., Gunnison. County, Colo. - The coal na | 
mining rights in most of the land in the area are owned by the Government. . 
one center of the area is approximately 6 miles east of the end of the Denver 
& Rio Grande Western standard-gage line to Somerset and the Oliver mine. 


The topography of the area is mountainous and is traversed by several 
streams, which unite to form the North Fork of the Gunnison River. Altitudes 
range from 6,200 feet in the valleys to 8,000 feet on the plateaus. Marcelina 
and West Beckwith Mountains, east of the area, rise to altitudes over 12,000 
feet. | 


The coal beds occur in the Mesaverde formation of upper Cretaceous age. 
The coal-bearing members comprise sandstone, shale, and coal beds.. ‘he 
coals, which are bituminous in rank, occur in the strata above the Rollins 
Sandstone. The prevailing dip ig approximately > percent or 3° northeast. 


To date, 18 diamond-drill holes to obtain minimm 2-1/8-inch cores have 
been drilled to determine the thickness , physical characteristics, and extent 
of the coal beds and the character of the overlying and underlying strata. 
One hole to recover 8-inch cores of the coal beds was drilled to obtain 
enough coal for carbonization tests. The locations of the holes are shown in 
figure 15, and a condensed log of hole 8-9 follows: | 


Toenges, Albert L., Turnbull, Lovis A., Davis, J. D., and Reynolds, D. 
.A., Investigation of Coal Deposits in the Coal Creek District, Gunni- 
gon County, Colo. - Progress Report 1: Bureau of Mines Rept. of In- 
' vestigations 4104, 1947, 20 pp.- | 
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Hole 8-9 


I. Cy. 7446 


Location: 1,500 feet N. and 600 feet W. of SE. corner, sec. 9, T. 135S., 


R. &9 W. 
Surface elevation: 
Depth 
Fran To 
Feet Inches Feet Inches 
oO -.-O g08 0 
908 0 9293 
92) 3 935. 9 
ib 934 8-1/2 
934 8-1/2 934 9-1/2 
954 9-1/2 942 6 
942 6 945 OO 
543, 0 950 0 
950 0 952 7-1/4 
952 7-1/4 953. 8-5/4 
953 8 5/h 954 | eal /h 
954 2-1/4 955 11-1/4 
955 11-1/4 962 6 
9626 965 2 
065 <2 972 69 
972 9 1005 O 


The chemical analyses of the coal beds penetrated in 


table 4 . 
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6,447 feet. 


Thickness 
Material Feet Inches Remarks 
Shale, sandstone, and 
thin coal beds. 908 0 
Meaium sandstone contain- 
ing carbonaceous mate- 
rial. ol b) 
COAL. nS 
Carbonaceous shale. 11-1/2 
Bony coal. 1 
Carbonaceous, sandy 
shale. | 7 8-1/2 
Bone. 6 
COAL. 7 6) : 
Mottied, gray, silty 
shale and carbonaceous 
shale. | 2 7-1/4 
Carbonaceous shale. 1 = 1-1/2 
COAL. oO 5-1/2 
_Carbonaceous shale. LY 
COAL. 6 6-3/4 
Sandy bone. 8 Top of 
i kKollins 
sanastone 
963 feet. 
Medium to coarse sand- 
stone with plant casts 
and scattered streaks 
of carbonaceous mate- 
rial. 9 7 
Medium sandstone with 
abundant halymenites. 30 3 


hole 8-9 are given in 
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The results obtained in diamond drilling show that the minable coal 
reds exist near the base of the coal-bearing formations immediately above 
the Rollins sandstone. Three coal beds were found to be reasonably persist- 
ent.at this horizon. The Upper bed, in secs. 9, 10, and 11 and the north 
halt of secs. 15 and 16, ranges from 3 feet 9 inches to 5 reet 4 inches in 
thickness. In other parts of the area, this bed apparently is not minable, 
The Middle ved is fairly persistent at minable thicimess throughout the 
area. It ranges in thickness from 4 feet to 10 feet 35 inches, except in 
hole 9-16, where it is only 1 foot 10 inches thick. However, drilling 
indicated that this bed is part of the Lower bed in same places, as shown 
in the logs of holes. 14-15, 15-22, 17-23, and 21-23. The Lower bed ig the 
most persistent in thickness and extent throughout the area, The. thickness 
of this bed.ranges fram 6 feet 4 inches to 14 feet 10 inchés, except in 
holes 16-21, 18-21, and 19-28, where the bed is very thin. These three 
holes are on Coal Creek, eat the southern end of the area drilled, and it 
is evident that the Lower bed is not present at minable thickness in ‘this, 
particular area. — 


‘The additional. work iG ber dene in the Coal Creek district will furnish | 
more data regarding the thickness and cay of these three beds. 


..Preliminary estimates of mcasured reserves of coal in the area tested 
by drilling to date, are as follows: | 


Tons 

Coking coal -.secseceeeee 65,000,000 
Noncoking coal .e.cssecee 35,000,000 
a3 100 , O00 , GOO 


The recovery in mining should rerige from 70 to 80 percent of the total 
reserves. 


The first hole drilled at this project (6-16) encountered a ‘small 
amount of oil and a strong flow of gas at a depth of 400 feet, about 250 
feet above the upper minable coal bed. Samples: of the oil were analyzed at 
the Bureau of Mines Petroleum and 0il-Shale Experiment Station, Laramie, 
Wyo. The results of those analyses show the oil to be a low-gravity, naph- 
' thenic oil, which contains no gasoline or kerosine and has no lubricating 
qualities. Evidently, the oil hes little commercial value except as cracking 
stock in a refinery. 


Gas was found in most of the holes, and the quantities ard. pressures . 
were especially large .in hole 19-28 and Other holes on Coal Creek. The gas 
apparently is present in several hundred feet of strata above the coal beds, 
as wall as at the horizon of the coals, and must be considered in ‘planning 
nining operations. 


A strong flow of water also was found in hole 19-28 at about the horizon 
of the coal beds... No doubt, .the intensity of this flow was increased by the 
pressuré Of the gas in the hole. ‘Water was found in other holes, but not in 
amounts that would affect mining opérations adversely. 
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‘The cores from hole 10-9 weve large enough to be carbonized by ‘the 
Bureau of Mines-American Gas Association (BM-AGA) method, using 13-inch- 
diameter cylindrical retorts of about 85 pounds capacity. Table 5 gives the 
yields of carbonizatio products at 9009 C., and table 6 gives the physical 
properties of the cokes. Corresponding results for Swinyside coal, Sunny- 
side mine, Carbon County, Utah, are included in both tatles for cdmparison. 


The drilled samples yielded more coke, ges, and tar and less liquor 
than the Sunnyside coal, although the differences were small. ‘The Lower bed 
(286) gave the highest yield of coke (65.2 percent); the Middle bed (285) 
yielded the most ges (18.1 percent); and the Upper bed (23+) gave the highest 
yield of tar (7.5 percent). Differences in the yields of liquor, ammonium 
sulfate, and light oll probably are not Significant. . 


: The quality of the cokes obtained from the drilled samples may be . 
judged by comparing their strength-test indexes with those of the coke 
obtained from Sunnyside coal under identical test conditions. The coking 
prope;sties of Sunnyside coal are well-incwn, and the sample used in this 
study was representative of the bed. These data indicete that the Upper and 
Lower beds coke more strongly than the Sunnyside bed. ‘The Middle bed yielded 
wcaker coke than the Upper and Lower beds; it was slightly inferior to Sunny- 
side coke. Technologists of the Columbia Steel Co. judge their coke lergely 
oy the proportion that remains on the 1/2-inch screen in the tumbler test, 
which, in their opinicn, should be 80 percent or more. By that standard the 
cokes ” from the Upper and Lower beds would qualify as metallurgical grade, 


The chemical composition of the’ cokes fram all three beds was. satis- 
factory. The cokes from the Upper, Middle, and Lower beds contained 6.3, 8.3, 
and 10.9 percent ash and 0.9, 0.5, and 0.4 percent sulfur, respectively. 


Additional diamond drilling will be done and carbonization tests made 
on coal in another part of the area. Final estimatus of reserves and con- 
clusions as to the coking quality of the coals cannot be made until the 
investigation is completed. | 


Gok sige Cond Depcsits on Lookout Mountain, DcKelb and Cherokee Counties, ‘Ala. 


An area comprising about 140 square miles on southern Lockout Mountain 
in’ DeKalb and Cherokee Countics, Ala., was investigated for coking coal .15/ 
Six coal beds 18 inches or more in thickness ere represented in this area, 
but this project was confined principally to the third bed, correlated as 
the Upper Cliff No. 1 seam, and indicated by prelininary investigation as 
being a low-volatile, high-grade coking coal. In all, 95 holes were drilled. 
The very friable nature of the coal made it difficult to recover complete 
cores; but the coal was found to have good coking qualities, making it 
Suitable for blending with high-volatile coking coal for the production of’ 
metallurgical cokc.. 


15/ Coulter, Don M., Coking-Coal Deposits on Lookout SORES Dekalb and 
| Cherokee Counties, Alas: Bureau of Mines Rept. of Investigations 
4030, 1947, 89 pp. | 
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Georges Creek Basin, Md. . | : 5 . : . | : ? : 


Tne annual production of -coal from mines in the Georges ‘Creek. fiela in 
Allegany and Garrett Counties, Md., has declined. from 2,250,000. before 1931 
to avout 1,800,000 tons in the: past few years. The greater part of this 
production was from mines working in the upper,coal beds [Pittsburgh (Big 
Vein) and Sewickley (Tyson)/, which are approaching depletion after marly 
years of mining. The annual production of the field is certain to ‘decline 
further with an accompanying loss of employment for miners, unless production 
from the lower, thinner beds can. be enereeneds | 

The coals of the lower beds are lowevolatiie’ eae: coals; same of which 
are suitable for blending in the manufacture of metallurgical. Soke. Another 
important use for this semismokeless coal is for domestic. and. industrial | use 
in the nearby Washington, Baltimore, and Pittsburgh areas. Little was know 
of the continuity and thickness of these beds, and the purpose of this in- 
vestigation was to determine the minable reserves, thickness; phySical char- 
acteristics, and chemical properties of these coals with the opjective-. of. 
obtaining necessary data for the development of mines in these lower beds. 
The field investigation has been Aecabeee and data are heing sa cae and 
will oe published. ) : 


Coosa Coal Field, Alabama 


Coal mining in the Coosa Coal field, Alebama, has heen conducted. inter- 
mittently for many years. This field, which | is east ofthe’ Warrior and . 
Cahaba coal fields, is traversed by the main line of the Seaboard. Airline 
Railway end adjacent to the proposed Coosa pave development. . | 

Reserves of coking coal in the Warrior ‘fiela have ‘been pericuciy: dapieted: 
and coals fran the Coosa field might prove to be an additional source of | 
metallurgical coke for southern stecl plants... Information regarding the cone 
tinuity and character of the coal beds in the’ Coosa field was too meager to. 
encourage the development of modern mechanized: mines, and this investigation 
was undertaken to determine the thickness and extent or the coal beds, physi- 
cal conditions in and surrounding the beds-that would, influcnce saiaieaaes aad 
the chemical and washability ene eo ae all the coals. _— 


A reconnaissance of the area was made.in the summer of 1945 by Bassas 
of Mines engineers and geologists of the Federal Geblogical Survey. Foliow- 
ing this reconnaissance, the investigation of the field was undertaken. ; 
Operating and abandoned mines in the field, where accessible, were examined, 
and all maps and other available information regarding abandoned mines were 
secured. Sections of the Hammond, Brewer, Coal City, and Fairview beds were 
measured in apandoned and operating mines and in test pits, which were ex- 
cavated at the outcrop of the Fairview bed.:.Face samples for petrographic 
study and chemical analysis were secured at mines in the Hammond, ‘Brewer,: 
Coal City, and Fairview beds. A 1-1/2-ton sample was obtained from the aban- 
doned Soot Creek mine (Fairview bed) for washability tests at the Southern 
Experiment Station, Bureau of Mines, Tuscaloosa, Ala. The thickness of the 
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beds and the physical conditions in and surrounding these beds were deter- 
mined fram cores of 24 diamond-drill holes. Diamond-drill cores of the 
coal beds also were used for petrographic examination and chemical analyses. 


The field investigation was completed; and the results of the work » in- 
cluding estimated reserves, petrography, and chemical properties. of the 
coals and the washability. Che eenne nce of coal fran the Fairview bed, 

will be published. | 


Castleman Coal Basin, Md. 


A source of low-volatile, semismokeless. coal, especially desirable for 
use as smokeless fuel in cities and for blending with high-volatile coal for 
making metallurgical coke,;.:4g indicated in the Castleman Basin of Maryland. 
Because of the nearness of this-field.to users of low- to medium-volatile 
coal, an investigation of the field has been undertaken.to determine minable 
reserves of coal in the area. Development of modern, mechanized mines cannot 
be undertaken until the reserves are established. | 


Deep River, N. C. 


Investigation of the Deep River coal field was begun in June 1947 and 
is in progress. Additional diamond drilling is being done to determine the 
minable reserves of coal in this field. Preliminary tests of the coal. indi- 
cate that-it has coking properties. ; 


This coal field is situated in a center of population which now is sup- 
plied principally with fuel fram the distant West Virginia and Virginia coal 
fields. The cost of this coal is necessarily hign. Should the investigation 
prove minable reserves sufficient for the development of a modern mine, fuel 
costs in this area should be reduced materially, | 


The area being investigated in the Deep River field comprises approxi- 
mately 1,250 acres. 


Alaska 


An area: of bituminous coal in Alaska, east,of Eska Creek adjacent to the 
abandoned Eska mine had been studied by geologists of the Federal Geological 
Survey. This study indicated that physical conditions were favorable for the 
development of a modern mechanized mine: should minable reserves of coal be 
proved by diamond drilling. This area is accessible to the surface plant and 
washery of the Eska mine, and these. facilities. could be used if the investiga- 
tion by diamond drilling proved a regerve of minable coal. Diamond drilling 
in this area was in progress at the end of the fiscal year. The reported life 
of the Evan Jones mine, which is the only operating bituminous mine in Alaska, 
is 3 years, and should the investigations in the Eska Creek area develop a 
Mine site, an operation here could supply bituminous coal until the minable 
reserves in the Wishbone Hill area can be established, and the possibility of 
developing a large modern mine in this area determined. 
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; oo Mining Methods and Practices . 
_, Strip Mining of Bituminous Coal ak ne ee oe 


,. The urgent need for coal to supply niustes » which sxpanied vapidiy dur- 
ing the war, accelerated the use of scrapers and light earth-moving equipment 
in. bituminous- coal strip mining. The coal industry experienced a severe 
shortage in manpower and difficulty in obtainire equipment for new under- 
ground mines and replacements for worn-out machinery in'‘operdting mines. 
Strip mining requires fewer man-hours per ton of production than underground 
mining in similar beds, and the time for developing.a’ strip mine :is shorter 
than that required for. developing an wnderground mine of the same capacity. 
In Maryland, Pennsylvania, and West Virginia, the production of strip-mined 
_ coal increased between 1941 and 1945. In Maryland the increase was from 0.7 
percent .to 11.6 percent of the total bituminous-coal production in the State, 


_. The increase in Pennsylvania was fram’ 6, 2. percent to 20.6 percent and in West 


_ Virginia from 0. 8 percent to 9.3. percent. 


in recent years fiers has been rapid progress in the technique of strip- 
coal mining. Introduction of the use of scrapers and other light earth-moving 
equipment in strip mining of relatively small areas of coal‘ in’ mountainous 
terrain is one of the recent advancements in the practice of coal strip mining 
and is responsible for the recovery of many small areas of coal that could not 
be. mined economically in any other way. Coal beds underlying many of these 
areas cannot be mined by undérground methods becatise of the shallow éverburden 
and the difficulty of supporting the weak strata overlying the coal, ‘Reserves 
of coal in place in these areas usually are not sufficient to justify the 

large. initial cost of. ae shovels or draglines. 


; The. pobeetlons = one mine in Marylend, one mine in Peunsgiventa: » and — 
four mincs in West Virgiriia. usin tractor-scrapers and other Tight: oarth- 
wiles ee were studied.t 16/ 


The areas at nose of the mines ‘were explored, by the owners, » by diamond 
drilling, trenches dug by bulldozers, or hand-dug test’ pits before stripping 
was started. This exploration determined the location of the outcrop and » 
the thickness and character of the overburden and also located the limit of 
. weathered coal. The overburden moved at the mines studied ranges fran a few 
_. feet to a maximum of 60 feet of soil, cley, shale, and Limestono. | 


Tractor-s crapers ordinarily are used to move the overburden in outcrop 
- and contour stripping in areas where the topography is rolling or hilly and 
. favorable for. the disposal of overburden in spoil piles entirely removed’ from 
the strip. mine, . The portion of the overburden moved by these units ranges 
fan 12 to 50 feet of soil, clay, and shale. At ‘two mines, small stripping 
shovels. also were used in, conjunction with tractor-screpers. | : 


: ‘Turnbull, Louis A., Shields, Joseph J., Dowd, James J., Fish, Edward L., 
- and Toenges, Albert L., Use of Scrapers and Other Light Earth-Moving 
Equipment in Bituminous - Coal Strip Mining: Bureau of Mines Rept. of 
Investigations 4033, 1947, 37 pp. | 
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Figure 16. - Loading scraper, tractor pulling, bull- 
dozer pushing, West Virginia. 


Figure 17. - Tractor-scraper digging shale. Tractor 
in background moving into position to 
push unit while loading, West Virginia. 
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Figure 21. - Section of mine and mining cycle, Maryland. 


Section of coal bed and 


overlaying strata mine 3 
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To U. S. highway 119 


Figure 22. - Mine plan and section, Pennsylvania. 
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Figure 24. - Relation of cubic yards transported per hour 
per tractor scraper to round trip (feet). 


cycle (feet) to time (minutes) 


Figure 23. - Relation of average round-trip 
for tractor-scrapers. 


I. C. 7446 

At four mines, the overburden is blasted to obtain fragmentation. before 
the material-is moved. Horizontal holes 6 inches in diameter are drilled in 
the shale 2 to 2-1/2 feet above the top of the coal bed. The holes are 
spaced 12 to 20 feet apart, depending on the thickness and character of the 
overburden and drilled 45 to 54 feet deep, depending on the width of the cut 
desired. Holes are charged with 150 to 257 pounds of explosive, which is ; 
detonated electrically. 


The rated capacity of the scrapers used is 12, 15, and 25 cubic yaras, 
and these units carry an average payload of 8, 10, and 18 cubic yards, res- 
pectively. The scrapers are pulled by Diesel-powered tractors and pushed 
by Diesel-powered pushers‘or bulldozers. (See figs. 16 and 17.) The aver- . 
age length of round-trip hauls varies considerably, owing principally to the 
topography of the surface and the amount of: spoil to be moved beyond the out- 
crop. Usually, bulldozers shape and grade the spoil banks away from the 
strip mine in favor of drainage. Mining methods followed at mines studied 
in West Virginia, Maryland, and Pennsylvania are shown in- figures 18, 19, , 20, 


cl, and 22. 


At most of the mines visited, the coal required drilling and blasting. 
-Holes are spaced on 4- to 9-foot centers, depending on the hardness of the © 
coal. The coal is loaded into trucks with small Diesel~ or gasoline-powered - 
shovels. which operate on the clay bottom underlying the coal. At three 
mines, the loaded coal trucks operate on top of. the coal bed and at the other 
nines on the underlying clay. The coal is transported by trucks to tipples, 
which usually are at railroad loading points. These trucks operate over 
roads built and maintained by the operators or over State and county highways. 
The coal is hand-picked at the tipple and usually is loaded into railroad 
cars as run-of-mine. However, at two mines, the strip-mined coal is mixed 
with coal fran underground mines and passes through the eC rocnaae plants at 
these mines, 


The following ourves were plotted from ae studios oe other data’ 
ao 


pe 23. - Relation of average round-trip cycle (feet) to time (minutes ) 
for eEee on a CrePenes : 


This curve is based upon the weighted average performance of 
tractor-scraper units at all mines studicd and reflects the time 
required for these units to canplete round trips for distances 
renging from 200 to 1,800 feet. All tractor-scrapers are operated 

under similar physical conditions, although they are of different 
capacities. The grouping of points canputed for each mine is near 
the curve and shows that the size of the scraper has little rela- 
tion to the time cycle. The rate of increase in time to camplete 
the cycle decreases as the length of round-trip haul increases. 


_ Figure 23 shows the advantage of maintaining short hauls. 
For example, there is an increase of 35 cubic yards transported 
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per hour per tractor-scraper when the round-trip distance is reduced 
from 600 to 400 feet and only 8 cuoic yards per hour when the round 
trip distance is reduced fren 1,200 to 1,000 feet. 


The conclusions reached during the investigation are summarized as 
follows: ; 


1. Light earth-moving equipment is particularly adapted to hillside and 
hilltop stripping in hilly and mountainous areas because of the mobility of 
these machines. This type of equipment also has the advantage of being able 
to move itself to the mine site. Bulldozers and tractor-scrapers build roads 
to the mine, and these roads are used later in the transportation of the coal 
Peoaucee: from the mine and material and supplies to the mine. 


2. Tractor-scraper operation snould be planned so ‘that the round-trip 
haul is held to a minimum. The most efficient length of round-trip haul 
(fig. 24) appears to be 800 feet or less. 


3 The length of cut that should oe made by tractor-scrapers on the 
high-wall for efficient operation depends on the campactness of the overburden. 
Scrapers can make deeper cuts in soft than in hard material, and the length of 
cut should be the shortest distance required to load the scraper to capacity 
without stalling the pulling or pushing tractors. Therefore, the shortest 
round-trip haul at any strip mine depends on the aiuceae of cut and the dis- 
tance fram the cut to the spoil pile. | i 


4, Tractor-scrapers often are used as auxiliaries to stripping shovels. 
The overburden beyond the limits of the stripping shovels is moved by tractor- 
scrapers, and this Brachace enables the shovels to uncover coal that otherwise 


might be lost. 


De The law of some States requires restoration of the surface after the 
coal has been mined by stripping. Bulldozers, tractor-scrapers, and dump 
wagons are adapted to this work, because spoil piles can be shaped as eiyens 


ping progresses, 


6, Tractor-scrapers do not operate efficiently when digging wet, sticky 
material and are not suitable for digging rock. 


Mining in Belgium and Germany 


During the war, as rapidly as the Allied Forces regained European terri- 
tory, it was necessary to see that the liberated people were supplied with 
fuel as well as other things. The conditions prevailing in Europe and the 
methods used to provide as much coal from local sources as possible was of a 
great dcal of interest to the American people. Dr. Louis C. McCabe, formerly 
a colonel attached to SHAEF, was in charge of coal mining and distribution in 
Belgium and later in the Allied occupation zone of Germany as well. The activ- 
ities in Belgium immediately after liberation and the entire Allied zone 
following the defeat of Germany has been discussed many times, but has appeared 
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Figure 27. - Machine in operation, showing cut made by 
: disk at end of raking bar. 
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in published form only once A Methods used to increasé’ coal production — 
to meet military and essential civilian needs and the allocation of mined 
coal, together with a summary of the amount of coal produced in Germany 
over a several-year period, were ESE . 


setae 


Eickhoff Schrémlader 


. The mining industry ‘in the United Neseas is” Antereated: in new: — of 
mining machinery. adaptable to mechanized mining in this- country. | Detailed 
Germen drawings showing the’ design ora Longwall coal: cutting and loading” 
machine, ’ developed by Eickhorf Maschinenfabrek, Bochum, Germany ; ‘and instruc- 
tions for its operation,’ > were’ sent” to the’ Burdau : of ‘Mines from Germany by 
the Solid Fuels Section,’ SHAEF. The ‘development: and testing of this naGHInG 
in Germany are. supposed to have taken place during thé latter part of ‘194i - 
end early 19h. An’ engineering description. of the machine was published -28/ 


‘The Eickhorf cutting and. loading machine, shown in pes 25, can be * 
used where’ underground conditions are favorable for longwall mining. It is 
not suitable for use in roan-and-pillar work. The basic principle of’ the 
machine is a typical longwall jackimife coal-cutting arm for cutting’a ~~~ 
bottan kerf approximately 5 feet deep. An auxiliary cutting unit is mounted 
on top of the chain cutter car. This auxiliary cutting unit: ‘consists of a 
round raking bar mounted in a substantial supporting arm. This arm is hinged 
and is moved up and dow by hydraulic jacks so'as to place the: raking bar in 
eny positian between the chain cutter bar. and ‘the top of the coal. ~ This rek- 
ing bar dislodges ‘the coal, and the broken ‘coal falls“ onto a horizontal ~~ 
flight conveyor. This conveyor delivers the coal to a longwall shbker con- 
veyor in the roam which transports the coal to the oe coop on the 
entry. (See figs. 26 and 27.) : 


The machine’ is reported’ to’ fidve been installed and used’ in the Jacobi 
coal mine in ey and Broduces, the following vonnages: during 1ghe: 


“lowe” a. Toni: 
aha eeeccccpoccces 10 0,553: 
September’ sep eceebee. 10,750" 
. October | eee eeereseene 22, 7207 


No infortiation is availabie of the man-hours’ required to operate the 
machine, but evidently considerable dead work is required to move it from 
ono een face to another -prepared: longwall: face and then.to. place.it in . 
operation ies elie, | ae ee. x | 

This type oF ma'chine’ could be nnufaotired in‘: the United Senter af the: 
coal-mining’ industry. aésires ‘to experiment, with it in longwalt mining. ‘Same 


McCabe, Louis. t.> Beigian and German Coal Mining During the European . 
., » Campeign: . Proc: Illinois Min, Inst., .1946,.pp. 53-63. 

. 18) hrentzon, Einar M.,, Description: of. the Eickhoff Schrimlader, Longwell.’ 
= oe sae, Cutting a Loading ee areas of aaa oat Cire. es 
19 D2 PPe..: | , 
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of the cutting elements of the machine might be combined with mechanical 
joaders now used in this country and result in more flexible operation than 
the use of the conveyor arrangement of the Eickhoff machine. 


Bureau of Mines Ocraper-Shaker Loader 


A scraper-shaker loader was designed and built by the Bureau to solve 
the problem of transportation delays in mechanizing development work in thin, 
steeply pitching anthracite beds. It consists of a standard scraper loading 
slide, having a hoe-type scoop which discharges into the drive pan of a 
Shaker conveyor. The drive pan is permanently installed as a part of the 
loading slide and actuated by a standard shaker-conveyor drive permanently 
mounted upon the truck of the scraper-loading slides Both scraper and shaker 
are compressed-air-powered, since there is no electrical distribution system 
underground in the condition for which it was built. Animal‘haulage is used 
exclusively in this mine. By extending the shaker-conveyor trough line, which 
is suspended from the roof at greater than car height, enough mine cars can 
be placed before loading begins so that one full face cut can be loaded 
mechanically without excessive transportation delays attributed to animal 
haulage. 7 cs | 


Preliminary tests of this loading machine have been campleted, and its 
practicability has been proved. Using it a rate of advance double that of 
Single-car scraper loading was shown to be attainable, with a rate of advance 
Six times that obtained by hand methods. The machine has been removed in 
order to incorporate improvements in design which the experimental work 
indicated. aes 


Eickhoff Shearing Machine 


An Eickhoff shearing machine, model DEX, of German origin was imported 
for test purposes in productive mining of thin, steeply pitching beds of- 
anthracite. This machine, which weighs only 1,500 pounds complete with cater- 
pillar mount, makes a vertical shear cut 3 inches wide and 5-1/2 feet deep. 
Driven by a compressed-air motor of .9-horsepowcr rating, the machine developed 
15.3 horsepower under Bureau tests,.although 6 horsepower was found to be 
sufficient for cutting anthracite with.it.. The caterpillar mount will be re- 
placed by a skid frame for driving 30° slant chutes in a bed pitching 85° 
under a new plan being developed for mechanizing heavy-pitch work. - 


Korfmann Universal Shearing Machine, Model SK 20 


A Korfmann universal shearing machine, model SK 20, was imported fram 
Germany to be tested in the anthracite region of Pennsylvania. This machine, 
weighing approximately 2 tons, is driven by a compressed-air motor rated at 
20 horsepower. Within the practical operating ranges, Bureau tests showed a 
maximum output of 16.1 horsepowcr, which is more than twice the power required 
to cut anthracite. The universal feature permits unlimited multi-directional 
cutting by revolving the machine head, through 360°, to the position desired. 
This machine is mounted on a car-wheel truck and will be remounted:on cater- 
pillars for driving a trackless gangway 1,600 feet in length. | 
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German Coal Planer 


The rigid-blade coal piener 27 was fully developed in wartime Germany; 
but in that form can only be used for mining friable coal beds or on long- 
wall faces where closely controlled roof pressure is used to break up the 
solid coal face sufficiently in advance of the mining. The vibrating-blade 
planer, dntended for use in harder coals, had not been fully developed by 
the war's end. The Bureau has undertaken the design, manufacture, and 
development of such a vibrating-blade planer for tests in anthracite mines. 
Investigations showed pneumatic. hammers to be more suitable than mechanical 
or electrical devices for the vibrating action, and four special hammers 
for use in the Bureauts planer are now in the process of manufacture. In- 
tended for trial in thin, flat, virgin beds of the Wyoming region, success- 
ful application of the planer principle to anthracite will cpen a way to 
mine the 50-foot heavily pitching beds of the Southern field mechanically. 
It was found that the best conventional mining practice in the German Ruhr 
district was improved more than threefold by introduction of the coal planer. 


Enthracite Flood Prevention 


The flooding of active and abandoned anthracite mines in certain areas 
of Pennsylvania is a constant menace to life and property, threatening to 
curtail the life of the anthracite industry and to decrease the present 
production of anthracite. The problem of flooding was investigated with 
consideration given to three main sources, which are: (1) Main- and side- 
stream leakage, (2) goneral surface leakage, and (4) barrier-pillar seapage. 
billions of gallons of impounded water threatening active workings have been 
located and shown on maps.20/ The general topography in the anthracite re- 
gion is such that water fran the steep mountains tends to collect in almost 
every man-made opening, whether it is a stripping or underground mining oper- 
ation. Same measures have already bcen taken in the region to divert water. 
However, there remain many properties scparated fram water pools by barrier 
pillars which probably are not strong enough to maintain the head of water 
against them. In other instances, particularly in the Susquehanna Valley in 
the Northern field, the water channels underneath present river beds are so 
close to the coal measures that unless special precautions are taken the 
water may break through, causing an enormous loss of coal. The details of 
the solution of the flooding problem cannot be postulated until a Seer 
Sive study of the entire mine water problem has bcen made. 


Acid Mine Water from Anthracite Mines 


The’ mine-drainage systems in the anthracite region handle over 200 billion 
gallons of water annually, of which 150 billion gallons is pumped to the sur- 
face. Much of this water is being utilized for breaker use, dust-control 


197 Buch, John W., Design and Operation of the Coal Planer, Ruhr District, 


Germany: Bureau of Mines Inf. Circ. 7377, 1946, 20. pp. 

20/ Ash, S. H., and Westfield, James, Flood-Prevention Projects at Pennsyl- 
vania Anthrecite Mines: Bureau of Mines Rept. of Investigations 4868, 
1946, 25 pp. 
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installations, and hydraulic back filling, as well as to cambat mine fires and 
aid in the transportation of anthracite in gently dipping places where sheet 
iron is used.<l/ It is estimated that 1,100. eee: of mine water is Raa 
in pusperdne each ton. ~ cane eorue mined. - 


Much of the mine water used is highly acid, ‘and, unless treated to. ‘reduce 
the acidity, the replacement and labor costa required to maintain ae prepare: 
tion at desired capacity. are SaOEP SE UatiNs : 

The treatment of mine water for washery use by Lime reduces maintenance 
costs a . | - ; 


The first neteiaAeicn: for lime trea nent of mine water. used for preparing 
anthracite was put into operation in 1932. The four types of. installations 
used are the screw feeder, the vibrating feeder, tie disk feeder, and tanks 

in which pane and water are mixed. 4 ; | 


At preeene, diated: lime is the only Icind of Lime used in the anthracite 
region to treat acid water. 


The advantages of treating acid mine water with lime are shown by can- 
paring the cost of breaker materials before and after treatment and by the 
favorable. statements of ede yeauels in enenee of the lime-treatment installa- 
nea 


Anthractte-wine Dust Problens. 


Studios have been conducted — the Bivens of, ‘Mines in the anthracite 
region of Pennsylvania, in cooperation with several large mining companies, 
to develop methods. for eliminating or reducing the dissemination of dust into 
the air by. various mining practices. No single method of control is applicable 
to all dusty operations, and seycral mothods have been practiced with consid- 
erable success. Preventing the dissemination of dust by undercutting machines, 
Pneumatic drilis, blasting, loading, and transportation of coal is discussed, 
The methods presented are practical and were successful in markedly reducing 
- the dust concentration in the breathing zone of the worker. Such dust-control 
procedures not only reduce possibility of as to health but also increase 
the efficiency and morale of the worker, | 


Back Filling in Arenvacite Mines 


Mine subsidence causes a great deal of damage to surface ground and struc- 
tures and also endangers mine workings. The Pennsylvania’ anthracite region 


Johnson, Leland H., Treatment of Acid Mine Water for Breaker Use in the 
Anthracite Region of Pennsylvania: ‘Bureau of Mines Inf. Circ. 7382, 

: 1947, 14 pp. 

22/ Johnson, Leland H., Dust Problems in the Mines of the Pennsylvania 

Anthracite Region: Bureau of Mines Tech. Paper 704, 1947, 34 pp. 
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has been studied 23/ Possibilities of using several methods of back filling 
more extensively are presented. 


Diesel Exhaust Gases 


The effect on quality of tunnel air resplting from the operation. of 
Diesel locanotives is discussed in a repor et/ that describes the use of 
this type of equipment in construction of some of the tunnels of the Delaware 
Aqueduct in New York State. The selection of Diesel-powered equipment for 
these operations was based upon apparent advantages in initial cost and in 
performance on contracts where haulage conditions were adverse. 


The first locamotive built for this purpose was factory-tested by the 
Bureau of Mines to obtain an estimate. of the rate of ventilation that would 
be required.when the locanotive was placed in actual service. After this 
locomotive and others were in use in the tunnels, periodic examination of 
the tunnel air showed that, under normal operating conditions, the carbon 
dioxide, carbon monoxide, and oxides of nitrogen content of the air did not 
exceed limits generally considered permissible in the air of working places, 
nor was the oxygen content depleted to any significant extent. 


These field studies on the use of Diesel engines underground and laoora- 
tory experiments showed that the odorous and irritating properties of Diesel 
exhaust gases are related to the concentration of aldehydes in these gases, 
In many applications of Diesel engines, it would be desirable to remove alde- 
hydes and climinate or minimize the odor and irritation. Attempts to do this 
by scrubbing with water in full-scale laboratory tests showed that only par- 
tial removal of aldehydes is obtained under practical operating conditions. 
Accordingly, the development of an economical method for camplete removal of 
aldehydes from Diesel exhaust gas was undertaken. 


A survey of the literature disclosed that the reaction NaoSO, + HCHO + 
H20 —> NaOH + CH» (NaSO; ) OH might be utilized in removing aldehydes from 
Dicsel exhaust gas. The applicability of this reaction to the problem was 
Studicd in a series of bench-scale experiments in which air containing 
approximately 50 ppm of formaldehyde was scrubbed with aqueous solutions of © 
sodium sulfite. These tests showed that substantially complete removal of 
aldehydes was obtained for comparatively long periods at temperatures up to 
140° F, and with solutions containing 2 to 5 percent sodium sulfite. These 
tests showed also that the removal of formaldehyde decreased markedly when 
most of the sodium sulfite had been oxidized to sodium sulfate. . Since oxida- 
tion will occur under practical exhaust-gas scrubbing conditions, it is 
necessary to inhibit oxidation of sodium sulfite to obtain effective aldehyde 


237 Ash, S. H., and Westfield, James, Back-Filling Problem in the Anthracite 


Rogion as It Relates to Conservation of Anthracite and Prevention of 
Subsidence: Bureau of Mines Inf. Circ. 7342, 1946, 18 pp. 

eh/ Berger, L. B., Elliott, M. A., Holtz, J. (., and Schrenk, H. H., Diesel 
Engines Underground. VI. Use of Diesel Locomotives in Construction 
of the Delaware Aqueduct; Effect of Exhaust Gases Upon Quality of Tun- 
nel Air: Bureau of Mines Rept, of Investigations 4032, 1947, 26 pp. 
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removel for extentcd periods. Previous work outside the Bureau of Mines22/ 
had shown that hydroquinone was the most effective inhibitor for the oxida- 
tion of sodium sulfite. Under the conditions of the bench-scale tests at 
160° F., the addition of 0.3 percent hydroquinone to a 5 percent sodium sul- 
fite solution significantly retarded oxidation. For exemple, at the end of 
5 hours the concentration of sodium sulfite was. e 1 percent without inhibitor 
and 3.¢ percent with inhibitor. 


A series of full-scale scrubbing tests was made with a scrutbing solu- 
tion containing 10 percent sodium sulfite and . different concentrations. of 
inhibitor. The scrubber used was very simple end consisted essentially ot 
a perforated pipe submerged in the Souenaee solution. The temperature of 
the scrubbing solution was ebout 130° F., and the throughput of exhaust B28. 
at NIP was approximately 3,000 cu. ft./hr. ‘The concentration of aldchydes in 
the inlet gases renged.fran 6 to 60 pm. The results of these tests are 
shown in figure 28. It will be observed that with no inhibitor the removal 
of aldehydes decreased markedly after about 2 hours, whereas, with 0.5 per- 
cent hydroquinone inhibitor, removal was satisfactory for 15: hours. Fron 
these results, it is apparent that a large fraction of aldehydes can be re- 
moved from Diesel exhaust gas for extended periods. In the practical appli- 
cation of this method, the concentration of sodium sulfite and inhibitor will 
depend on the conditions of operation. The cost of the components of the | 
Scrubbing solution is nominal, so that the aenun tie ey be discarded when it 
is spent. . | 


Comb as tion, Performance of Fuels in aia eee 


in preparation for. work on the performance of different fuels in Diesel 
engines, a series of tests was made in the CFR Diesel engine to determine the 
combustion performance of this unit and to assess its utility in canbustion 
studies. The. results of some of these tests made at a compression ratio of 
15:1 and with injection of a cammercial Diesel fuel having a 55 cetane. number 
are shown in figure co. This figure clearly shows the existence of two types 
of smoke in the exhaust fram Diesel engines: (1) Unburned or partly burned 
fuel (predaminating at low fuel:air ratios); and (2) unburned carbon (pre- 
dominating at high fuel:air ratios). At the low fuel:air ratios very little 
fuel is burned, since figure 29 shows very little carbon dioxide and | consider- 
able particulate ‘material in the exhaust gas. As the fuel:air ratio increases 
a point is finally reached (0.02 pound of fuel per pound of air) at which sub- 
stantially all fuel ig burned. The region between 0.01 and 0.02 fuel; air 
ratio is scmewhat analogous to the lower limit of inflammaoility, At higher 
fuel:air ratios the tendency to form locally overrich. regions increases, and 
smoke consisting chiefly of unburned carbon increases. The results in figure 
29, wheri canpared with similar results for commercial Diesel engines, snow. | 
that the canbustion performance of the CFR Diesel engine is inferior. In. 
spite of this, the CFR engine may. have. certain advantages in the study of the 
combustion Bers ommance: ef fuels, because it. accentuates faulty performance, 


Kia-Khwo, Jey and Alyea, H. N., A Camparison of Orgenic Tnhibitors in 
Chain Reactions: Jour. Am. Chem. Soc., vol. 55, 1933, pp. 575-588. 
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gases from a CFR Diesel engine operated at a compression ratio 
of 15:1. 
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Figure 30. - Experimental apparatus used in developing equipment for 
conversation between underground and surface stations. 
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Electrical Equipment for Mines 


From its inception, the Bureau of Mines hes investigated electrical de- 
vices and machines available to mines for the purpose of encouraging the 
development and use of equipment that would help to prevent fires, expio- 
sions, and shock in coal mines. The investigation of such equipment is con- 
ducted at the Central (Pittsburgh, Pa.) Experiment Station by the Electrical- 
Mechanical Section of the Safety. Division in accordance with published regu- 
lations termed “schedules.” Equipment that passes the prescribed tests and 
inspections is formally approved and then is designated “permissible” equip- 
ment, that is, permissible for use in gassy coal mines. The Federal Mine 
Safety Code for Bituminous-Coal and Lignite Mines of the United States, 
effective July 24, 1946, gave permissible equipment substantial recognition 
as a Safety measure, and ite use was prescribed under definite conditions. 
After permissible equipment hes been installed -in a mine, it is highly 
important that it be carefully maintained; otherwise, unsafe conditions 
night develop. 26/ 


Under the eight schedules now in effect, a manufacturer can have nearly 
every type of equipment used at or near the face of active mine workings in- 
vestigated for its liability to ignite gas or coal dust or a cambination of 
these. During the fiscal year 1947, 26 approvals were issued, These in- 
cluded 9 loading machines, 7 conveyors, 3 distribution boxes, 2 cutting 
machines, 1 storage-battery locomotive, 1 mining-machine truck, 1 mine 
tractor, 1 blower-fan unit, and 1 sound-powered telephone. 


Requirements for Multiple-Shot Blasting Units 


Although there has been a neod for permissible multiple-shot blasting 
units, only one 10-shot generator unit has been approved to date. This ; 
however, was withdrawn from sale when it proved unsatisfactory in service. 
To encourage the development and manufacture of satisfactory designs, the 
Permissibility requirements were broadened after a study of experimental 
models was canpletcd € 


Mine-Cammunication Apparatus 


Emergency mine-communication apparatus, for use in rescuing trapped man, 
was further dcvoloped and tested. under varying conditions in both anthracite 
end bituminous-coal mines, Figure 40 shows an arrangement of epparatus 
underground for two-way conversation with a station on the surface. Prelim- 
inary experiments indicate that, in addition to its primary objective of 
emergency service, there is also the definite possibility of enlarging the 
scopc of this apparatus to include daily utility, such as: communication from 
moving cages in shafts and from man=cars on slopes to hoisting engineers, 
thus contributing to safcty as well as efficiency of transportation. 


26/ Gleim, E. d., Care end Maintenance of Permissible Electrical Mine Equip- 


monte Trans, 34th Nat, Safety Cong., vol. 1, pt. 1, 1947, pp. 285-289. 

27/ Bureau. of Mines, Schedule 16B, Multiple-Shot Blasting "Unite: Approved 
April 16, 1947, 5 pp, Duplicated from Fedcral Register, vol. 12, No. 
82, Apr. 25, 1947, pp. 2650-2651. 


2106 | - 39 - 


Google 


I. C. 746 
Toxic Mine Atmospheres 
In ‘connection with requirements of the Federal” Coal: Mine “spestion pees 


then 120, ,0.0Q individual. determinations. Infortiation vas vresented: On... . 

. methods for .the determination and protection against: ‘toxic ‘gages 3B) The 
significance. of. Bureau of Mines approval. in selection of: respiratory ‘protec- 
- tive devices was discussed with emphasis on the selection the proper. de- 
. vioe and necegsity for proper. maintenance “egf aan 
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Reiaticnstii ) of Safet; and REticioney in Coal Manang’ oe 


" Necidene recorde have an important bearing on ‘aéterminatioh er the. ‘jnost 
‘effective methods’ for preventing accidents at coal mincs and-.hence. on. the® 
cost, anid rate of production. Anelysis. and interpretation’ of statistical.” 
data reveal the ‘prevalent types of accidents. and their causes, either on a 
national or a local basis, and provide information necessary for. accident- 
... preyenticn , work me) Data are given for the number of fatakities in differ- 
ent branches’ of thé mineral industry, and trends of fatality rates are 
, discussed. Theré. has been a definite dowmward trend in’ the fatal-injury — 
rate. for the period 1931-46 and a very large decrease in:fatal en for 
the a 5 years. The rate. for 1946 reached an all- ~time: Lows 0. | 


| “Gaseous Bplosicns and Use of Explosives 


Increase in Gisee Limit of Permissible Explosives 


_ .. Tests to determine the factors that’ affeet the: Agnition.’ of. gag. and dust 
in a coal mine , , ee larger, oe or explosives, 1 were continued L during 


SoD, ote 


the - years, ee so . 3 | : a ae as eee 


t 


THe principal findings: of this year's initia a are: sumarized 
“as follows e ‘. ' . . + 


es * : af 4% a Y i a 7 * oa : ; 
bs eae eee ‘ 


One hundred and forty tests were mede with’ bown=cit, ‘blownthrough : 
bee asec as shots. .- 
nan hy oe ° 7 : ; : 


28 a shrenk ra He, Methods* for Detection and Protection anes Toxic 
Gases: “Trens..: 2lst Ann « Conference and Exhibit, Western Pennsylvania 
 Satety Courictl and American ‘Sociéty of Safety Miginwers Weatern 2 

| _ Pennsylvania Chapter, Aprs 23-25, 1946, pp. 38-42.,- 2. 7 

‘oy Péexte, 8. dV ,. and Schronk,-H. E., Sigificence: of Byrean of Minos 

— “Approval in Selection of Respifatory Devices: ee Eng. , vol. 93 ; 
Now 1: January 10473 ‘pp. 54-59, inclusive. - + 
a Ash; BY: Hes eles Stas Mirings -Min Menge hese February 197 5% -pp. 32 


a * 7 


“alps Har tnéinn’ ‘trving” ‘and ‘drcenwald, H, P, Tests of Permibsible fixplosives 
in the ener et et ting Proc. Coal, Mine’ Inst,” America, 1946, 
pp. 6 — : 
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AREA OF CREVICE OPENING, SQ. IN. 


Figure 31. - Effect of weight of explosive and area of crevice opening on 


probability of gas ignition. 
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In previous blown-through tests the charge weights ranged from 3.00 
to 8.00 pounds. -It has been found thet, in general, the ignition: hazard 
increases as the charge weight increases. Recent work has shown that in 
some cases this relationship may not hold. To be certain that smaller | 
weights of explosive would not be more hazardous in blowri- through tésts, 
additional work was done this year with weights of 0.50 and 1.50 pounds of 
the gelatinous explosive, both-file-loaded and at density-1 loading,-with 
& 43-inch burden between the ack pene sg the free face. No ignitions were 
obtained in these tests. : 


In the ‘creviced-type shots, the results showed that ‘conditions govern- 
ing ignition of gas are more complicated than in blown- ut or bi eenerouee 
shots. The general results are; 


1. With creviced shots, file loading is, in general, safer than 
density-1 loading, but the difference is not as great as in blown-out shots 
and under “some conditions | is reversed. 


2. Differences in resulte were found when the crevice openirig ‘was 
opposite, respectively, the front, center, and rear of the explosive, but 
these differences are no greater than might occur in duplicate tests. 


3. It was immaterial whéther the crevice opening was circular or 
rectangular; the cross-sectional area of the opening was’ the importent fac- 
tor, provided that the vertical dimension of the crevice did not exceed. the 
diameter of the shot hole. In general, the probability of ignition in- 
creased. with increased area of crevice. If the crevice was cut so that its 
height was greater than the diameter of the shot hole, the relationship be-~ 
tween the area of the crevice and ignition probability no longer held. The 
ignition hazard of a long, narrow, vertical crevice is less. than that of a 
long, horizontal crevice. | 


4. Sheathead explosives were found to be safer than unshesthed explo- - 
Sives, but the gain in safety. ea See wag less in. creviced shots 
than in blLown-out. shots. ote, ok 

»- 

5. Weight of explosive 7 was an important factor in an - unexpected 

nee as will be indicated below. 


"The date obtained with: unsheathea explosives of varying weights are 
summarized in -the following table. The rolation of the’ groups is shown . 
more clearly by figure 31, on which the area of the crevice opening is | 
plotted along the abscissa and probability of ignition along the ordinate. 
There are solid lines for two woights of cxplosive loaded density-1 and 
dashed lines for three weights of Se file-loaded. _— 
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Summary of data on weight of explosive and size of crevice opening 


Area of 
Weight of crevice | 
explosive, opening, -_ = | Ignition 
Lb. . 8g. in. | Result | probability 
| A. Density-1 loading 
1450 1.8 O ignition in 5 tests 0.0 
1.50 4.0 5 ignitions in 5 tests 1.0 
4.50 | ot O ignition in 5 tests .0 
5600 1.8 10 ignitions in 35 tests 3 
5.50 4.0 23 ignitions in 25 tests 9 
: B.. File loading 
0.66 eS. O ignition in » tests : 0.0 
66 4.0 4 ignitions in 5 tests 8 
ele 9.0 5 ignitions in 5 tests 1.0 
1.59 4.0 0 ignition in 5 tests 0 
1.50 9.0 9 ignitions in 10 tests aS) 
» 3650 4.0 O ignition in 10 tests 20 
4.50 9.0 10 ignitions in 345 tests 7) 
5250 ESeo 5 ignitions in 5 tests Adee Oe 


The evidence is sanewhat surprising. For a crevice having an area of 
1.8 square inches, the probability of ignition from 1.50 pounds of explosive 
loaded density-1 is not greater than from two-thirds of a pound file-loaded. 
With file loading, the probability of ignition was found to decrease as the 
quantity of explosive increased.. The hazards arising fram creviced shots 
are more severe than those accompanying blowi-out or blown-through shots. 


Permissibility Tests 


Chemical and physical tests of explosives are made to determine their 
cheracteristics so that they can be used safely in vassy and dusty coal 
mines. The conditions and requirements governing the making of these tests 
are set forth in Schedule 1F.3e 


Nine samples of explosives were submitted to determine their Safety for 
use in gassy and dusty coal mines. Seven of these passed the required tests, 
and two others were withdrawn and not tested. No blasting devices were sub- 
mitted for tests during the fiscal year. 


On Junc 30, 1947, the permissible list contained the names of 186 ex- 
plosives and Y blesiing devices es campared with 180 explosives and 9 blast- 
ing devices on the list as of June 30, 1945. One of the explosives which 


3e/ Bureau of Mines, Procedure tor Testing Explosives (including Sheathed 
Explosives) and Blasting Devices for Permissibility and Suitability: 
Sched. 1F, approved January 20, 1945, 11 pp., with amendments 
approved Mar. 14 and Avg. 7, 1945, and June 24, 1946, 
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passed the tests. was, at the request of the manufacturer, placed directly 
a the inactive list. : 


Substitutions in Permissible Explosives 


A great variety of materials is used in compounding permissible explo- 
sives. Changing conditions and demands of the chemical industry have made 
many of these substances very difficult or virtually impossible to obtain. 
It has, therefore, been necessary for manufacturers to seek safe and suit- 
able substitutes for same of the ingredients entering into the canposition 
of these explosives. Seven permissible explosives containing proposed new — 
ingredients have been tested for approval. 


A permissible explosive approved originally in two different cartridge 
diameters was’ resubmitted in six additional diameters to eevapiies the 
basic data for these sizes. 


Field Samples of Permissible Explosives 


A permissible explosive or blasting device, after approval for use in 
eassy and dusty coal mines, must be so manufactured that it will have all 
the chemical and physical characteristics of the basic sample. For a check 
oi. their quality, 18 samples of permissible explosives were collected fran 
the manufacturers' magazines. All samples passed the gallery tests, 
although several did not meet the established tolerances of some of their 
physical characteristics. The items in which these explosives failed, and 
the number of failures respectively, were as follows: Physical examina- 
tions, 2; chemical analyses, 8; rate of detonation, 5. 


Consumption of Permissible losives 


During the fiscal year 1947, the consumption of permissible explosives 
in coal mines was approximately 110 million pounds. In addition to this, 
approximately 33 million pounds of black blasting powder and approximately 
19 million pounds of high explosives other than permissibles were used, 
chiefly in strip-mining operations. Thus, over three and one-half times 
as much permissible explosives es black blasting powder was used. This ratio 
has been steadily increasing since 1940, the first year in which the con- 
sumption of permissible explosives exceeded that of black blasting powder. 


Firedamp Safety of Powder: -Powox ced Tools for Splicing Cables and Punching Rails 


It is to be antietatea oak demends for increased production of coal 
will result in the production of special tools for performing tasks in coal 
lines with greater ease and efficiency. Tools for splicing cables and 
- punching rails have recently been placed on the market. They are powered 
by cartridges containing requisite amounts of propellent powder. 
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Tests have been made to determine the firedamp safety of such tools .32/ 
They have been tested under a: variety of conditiong in a mixture of natural 
gas and air. The studies suggest that employment of these tools in a normal 
functional manner under the conditions outlined involves very little, if 
any, ignition of firedamp. A total of 83 gallery tests of the cable 
splicer, including 33 under drastic conditions emphasizing ignition hazards, 
and a total of 60 gallery tests of the rail punches were made without igni- 
tion of 8 percent mixtures of natural gas and air. Some hazard was found 
to attend some of the ammunition supplied for the rail punch. When fired 
directly into natural gas and air, the ignitions were obtained with the 
cartridge alone. This ammunition can be modified to minimize such hazards. 


Determination of the Reactivity of, Calcium Carbide and Acetylene-Water Vapor 


Mixtures 


In atudies made by the Bureau of Mines to determine the causes of ex- 
plosions in medium-pressure acetylene ganerators, it was sh that, 
when these are operated at elevated temperatures, the acetylene generator 
carries enough water vapor to heat certain types of carbides to a high ten- 
perature, when the acetylene-water vapor mixtures aré passed through the 
carbide. It was found that reproducible results on the test characteristics 
of carbides could not be obtaincd in a small laboratory-type apparetus. 
Accordingly, a larger testing apparatus was designed which more closely 
Simulated conditions prevailing in a commercial generator. It consists of 
a 20-pound portable acetylene generator, suitably altered to allow the de- 
Sired tests: to be made. Details of the apparatus and procedures are des- © 
cribcd clsewhere. 


The acetylene-water mixture is passed through the test carbide for 4 
hours, or less if the test carbide heats to a maximum and then cools down 
in all three thermocouple locations before the 4-hour period has expired. 
Experience has shown that a highly reactive carbide will develop its mexi- 
mum temperature within the time limit of 1-1/2 to 2-1/2 hours under the 
experimental conditions described. Low reactive carbides may require 4 
hours to eons maximum temperature. 


Typical iacine: curves of different carbides, namely, low reactive, 

- moderately: reactive, and highly reactive, werc obtained. Jn all cases the 

temperature of the. generator water was 65°.C., and thus the saturated acet- 

yicne had a water vapor content of 24.7 percent by volume. For low-reactive 
carbide, the maximum temperature reached in any part of the charge during 


Denues, A. R. T., Powder-Powered Tools; The: Firedamp-Safety of Devices 
for Splicing Cables and Punching Ralls: parece of Mines Repts of 
Investigations 4105, 1947, 11 pp. | 
34 / Jones, G. W., Scott, G. S., Kennedy, R. B., and Huff, W. J., Explo- 

gions in Modium-Pressure Acetylene Generators ; Bureau of Mines Rept. 
of Investigations 3755, 1944, 20°pp. - | 

35/ Jones, G. W., Scott, G. S., Kennedy, RK. E., end Spolan, I., Apperatus 

for Determining the Reactivity of Calcium Carbide and Acetylene- 

Water Vapor Mixtures: Bureau of Mines Rept. of Investigations 4067, 


1947, 15 pp. 
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TEMPERATURE OF TEST CARBIDE, °C. 


ignition temperature of 
acetylene in air 


TIME FROM START OF TEST, HOURS 


Figure 32. - Effect of temperature of water in generation 


Google 


on heating of carbide. Highly reactive car- 
bide: size, 1/4 x 1/12 inch; generator pres- 
sure, 4 Ib. per sq. in. gage. 


MAXIMUM TEMPERATURE ATTAINED IN TEST CARBIDE, °C. 


x 
50 65 


55 60 
TEMPERATURE OF WATER IN GENERATOR, °C. 
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Figure 33. - Effect of generator water temperature and pressure on reactivity 
of carbide. 
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the 4-hour period never exceeded 230° C., which is well below the ignition 
temperature of acetylene and air (310° C.). For moderately reactive car- 
bide, the temperatures rise samewhat above the ignition temperature of 
acetylene in air 2 hours after the start of the test, particulerly in the 
middle and top part of the charge. In the top part of the charge it 
reaches a value of 406° C. 2-1/2 hours after the start of the test and 

then drops abruptly to below the ignition temperature. The bottom part 

of the. charge remains safely below the ignition temperature of acetylene 

in air throughout the 4-hour test. For highly reactive carbide, very rapid 
rise in temperature occurs after about 1 hour;. after 2 hours it rises ata 
rate of ‘1009 C. per minute and attains temperatures well over 800° C. in 
about 2 hours. The temperature of the top part of the charge rises earlier 
than the rest of the charge. This rapid rise in temperature is probably — 
due to heat lipverated in the decomposition of acetylene alone (ignition 
temperature, 540° Cw). | 


Using 1/h- by Cities carbide, testa were ‘made of the effect of gen- 
erator-water temperature, generator pressure, and rate at which acetylene 
gas 1s passed through the carbide on the heating effects. | 


The gencrator-water temperature was varied from 40° to 65° C., the 
pressure being maintained at 4 pounds above atmospheric and acetylene rate 
at 32 cubic feet per hour. The cardide used was known to heat excessively 
in contact with water vapor. The maximum temperature attained in the car- 
bide increased with generator water temperature in a manner shown in figure 
3e. It is clear fran these results that, a dangerous condition is approached 
at ea ea renwetee temperatures above 55° C. for this type of carbide. 


Typical results showing the effect of pressure on the reactivity of a 
highly reactive carbide are given in figure 43. It is seen that, the lower 
the pressure in the generator, the higher the temperature attained, other 
conditions of the test being the same. For highly reactive carbides change 
of generator pressure had a very marked effect upon the temperature attained 
in the test carbide; for low-reactive carbides it had only a moderate effect. 
The fact that incressing the: gerierator pressure reduces the maximum temper- 
ature attained by the carbide indicates that possibly the heating is governed 
by the water-vapor content because at a given temperature of the generator 
water, the percentage of water in the mixtures Talis off with increasing 
acetylene pressure. 


The results obtained with different flow rates of acetylene show that 
the temperature of the carbide increases with increasing flow rate, reach- 
ing a maximum at about 32 cubic feet per hour. Above this rate, the tem- 
perature falls again, except for the highest-reactivity carbides; and here 
the additional rise in temperature is small - up to 39 cubic feet per hour. 


On canparing the results for various brands of carbide obtained to 
date, it becomes evident that particle size is not the oly factor con- 


tributing to heating.” It is probable that surface reactivity plays an 
important role. : - a mos , 
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PREPARATION OF COAL 


_ Recovery of Fine Coal from Slurry Water 


An economical method for recovering fine-size coal, on-a limitcd scale, 
from slurry weter that,.was previously wasted has been developed and in- 
stallcd at one of the mines in the Warrior field of Alabama. 6/ The method 
consists principally of recovering the fine coal by pneumatic froth flota- © 
tion and using the washed-coal bin as a drainage and filtering medium for 
recovering the fine coal out of the froth. Under normal operations, the. 
system will recover almost 2 tons Pee hour of coking coal out of slurry 
that was previously Meee : _ 


Progress is being made in the development of a kerogine Pietevied 
process ror cleaning and dewatering fine sizes of coal fram about 10-mesh 
to 0. A four-cell semicommercial machine has been obtained for the labora- 
tory and for experimental work in commercial plants. Results with this 
machine and a larger four-cell machine installed by one of the cooperating | 
companies have estaplished quite definitely the feasibility and practicabil- 
ity of the process for treating underflow sludges from dewatering screens, 
Efforts are now being directed toward nee -the Baeeoee applicable to the 
treatment of raw-coal fines, 


Preparation Ghavacter istics of DLllinois Coals ; 


An intensive study of the preparation havactenistace of the four 
principal beds in Illinois - namely, the No. 2, No. 5, No, 6, and No, 7 - 
wags undertaken. Face and tipple samples fran mines in each of the several 
producing districts were float-and-sink tested, and sieve analyses of the 
Slack coals were prepared. Although all the field work has been canpleted 
during the fiscal year, the final re ba and oes aa of test data 
have not been accanplished. | . 


New Heavy-Medium Process for Cleaning Fine Coal. 


_ The various heavy-medium processes in use for separating the impurities 
from raw coal as mined are not suitable for cleaning fine sizes of coal, 
The particular advantage of processes that employ a suspension of solid ma- 
terial in water or a heavy liquid to effect a separation between coal and 
impurity, based alone on differences in-specific gravity, is that they are 
aole to make a more complete and efficient separation than processes that 
depend also on other physical properties, Unfortunately, however, -heavy- 
medium processes cannot ae be used. to clean the fine sizes of coal. 
below 1/4 inch. 25 


é 


As a result of observations made by members of the wartime Solid Fuels 
Mission at the Netherlands State Mines in Europe this situation has changed. 


367 Gandrud, B. W., and Riley, H, L., Flotation Treatmont of Washery Wator 
at the Empire, Alabama, Mine of the DeBardeleben Coal Corporation: 
Am, Inst, Min, and Met, Eng., Tech. Pub. 2205, 1947, 8 pp, 
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Figure 34. - Netherlands State Mines cyclone washer for fine coal. 
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A cyclone-type. coal-washer for .fine coal was developed at. the State Mines, 
Heerlen, The Netherlands, during the German occupation, and the information 
cancerning it: has’ been brought back to the United States. Since then the 
Northwest Experiment Station of the Bureau at Seattle, Wash., has built one 
of these Netherlands cyclones of laboratory size and studied its performance 
as a cleaner of fine coal.. The results of this preliminary inyestigatim 

@ presented at the joint fuel conference of the American Institute of | 
Mining and Metallurgical Ingineers and American Society of Mechanical In- 
gineers held ,in Philadelphia, Pa., in October 1946, and have since been 
published 8 . 6 _ 7 


Figure 34 shows a aketch of the cyclone washer. The 14-inch diameter 
size has. a capacity of about 16 tons of feed coal.an hour. ~ | , 


In appearance and operation. the cyclone device looks much Like the 
ordinary cyclone dust collector » except that it is operated. wet. . In shape 
it is an inverted cone, with an open, spigot-type discharge at the bottan 
and an overflow through an orifice at the center of the cone at the top. 

The coul reed, in a suspension of barite, loéss, flotation refuse, or other 
high-gravity liquid, is introduced tangentially at the top of the cone 

along the side. The pulp density is about 6 of suspension to 1 of coal. 

in effect, this cyclone cleaner acts as a device for separating continuously 
the float—and-sink particles present in a bath having a density. intermediate 
between coal end impurity... The coal feed must be suspended in.a heavy .- 
medium, | | 


Table.7 shows the results of a trial run made of cool fram a mine in — 


the Pittsburgh bed at Bruceton, Pa., crushed to pass 1l4-mesh.. The results 
are summarized according to the individual size fractions present. 


TABLE te Summay of resulta obtained in c clone. test 
. on 14- to 100-mesh Bruceton coalL/ | 


Screen size, mesh 


Data. . L4e “48 | ~100 -100/14-100 
Screen analysis of feed ..,. percent| 66.4% 110.2 | 7.5 9 {11.1] 88.9 
Sink 1.60 sp. gr. in feed «eee dO. ¥e6 | 4.6 | 4.6 | 5.5 4.7 
Yield of refuse secocccescccee GO. | 4.9 | 5.0 | 6.5 9.0 503 
Specific gravity of separation .....| 1.60| 1.67| 1.68) 1.88 | 
Sink 1.60 Sp. gr. in washed’ coal ... ar 
Coe ewer cceccsetosceveseces: .percont we oJ 1.2 2.4 05 
Floct 1.60 sp. gr. in refuse . do. { 9.6 [25.7 [47.2 | 62.1 | 20.8 
Ash in feed eroccosccecceccsce GO. | 74 | 6.8 | 6:8 | 7.4 | 6.5) 7.3 
Ash in washed coal .sesccccces AO. 4.8} 4.6 | 4.8] 5.6 |. 4.9 
Ash in refuse @eosecsescegosvece do. 57.8 48.0 35.0 26.2 51.0 
ELTicloncy sececsecceseccesese G0. | 99.7 (98.8 196.8 | 93.6 99.0 


i/ Berite* a i. © Sp. er.; feed-tube opening, 7/16 in.; washed- 
* coat: orifice, 7/16 in.; refuse opening, Sor in.; operating pres- 
sure, 20 ‘psi, 


' Geer, M. R.,-and Yancey, i. F., Peciinasy American Tests of a Cyclone 
Coal Washer Developed in The Netherlands (with discussion): Am. 
Inat. Min. ‘and Met. Ing., Tech. Pub.. 2136, February 1947, 20 pp. 
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In general, these results show a very efficient separation. The effi- 
clency on all sizes cambined, from 14- to 100-mesh, was 99.0 percent. The 
finer sizes of coal were separated at higher specific gravities than the 
coarser ones. ‘The quantity of heavy impurity remaining in the washed coal 
increased with decreasing particle size. Similarly, the quantity of coal 
lost in the refuse product increased with decreasing particle size. Thus 
the efficiency of the separation between coal and impurity decreased with . 
decrease particle size. Only the material coarser than about 48-mesh was 
handled with satisfactory efficiency. Below that size, the sharpness of 
the separation dropped rapidly. aA 


The work showed that the cyclone has a high capacity and is able to 
make a sharp, efficient separation between coal and impurity at a particle 
size down to about 48-mesh. Thus the cyclone offers promise of extending 
substantially the size range that may be effectively treated ye 
medium processes. 


Buropean Practice 
Coal Preparation in The Netherlands 


Current developments in the field of separation by heavy suspensions © 
constitute the most interesting European development, because of present 
activity in this direction in America. It will be recalled that the prac- 
tical application of this principle to the separation of minerals started 
with the introduction of the Chance sand-flotation process and large-scale 
experiments with the Conklin process in the Pennsylvania precete region 
during ond immediately after the First morte Ware 


In The Netherlands, three heavy-medium processes have been perfected 
and reduced to practice. Like our American processes, these differ primar- 
ily in tne method: en eee a Conenelee dispersion RF has euspendes 
solids. 


.. The Barvoys process 4s ‘the most widely uscd :-at present in Europe. The 
preferred medium for this process is a mixture of barite and clay of a size 
consist that will settle very slowly in water ot operating gravities. It’ 
may be considered a semistable suspension. In this process, Conklin's 
problem of recovering thc dispersed medium’ of the rinse water has been _ 
solved by exploiting the phcnamenon that, with properly controlled size con- 
sist, a very fine medium will settle very slowly at the high’ concehtrations 
used for separations end yet will settle rapidly in very dispersed Suspen- 
sions, such as rinse water, 4.0000 


In contradistinction to this, the principle of the Tromp process uses 
a finely ground but yet definitely settlable magnetite suspension, which is 
just ellowed to settle naturelly in traversing the separating bath. Con- — 
trol involves only preknowledge of the rate of settling,’ so that the effec- 
tive separation gravity may be predetermined. To avoid blocking the machine 
by accumilation of middlings in the bath, ‘which naturally canes about with a 
difference in spécific gravity between the top and the bottom areas of the 
medium, the material in the middle-depth portion of the bath is. continually 
removed and reprocessed elsewhere in the plant. 
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The Netherlands State Mines or loess process grew. out of the difficul- 
ties experienced in. obtaining such special materials as barite and magnet- 
ite. The scrgper-discharge type of separator cammon . to all the European 
heavy-medium processes is modified in The Netherlands process to shallow 
depth, with the top and bottom scrapes lines close enough together to fur- 
nish mechanical egitation affecting virtually the entire. content of the — 
vessel. By this means rather unstable media of varying size consist are 
kept in suspension, and there is no place for large accumulation of middle 
products. Virtually all the material is drawn at once into one or the 
other of the two scraper lines. . In practice, the gravity of separation is 
adjusted so that.all the doubtful material goes with the refuse and subse- 
quently is recovered in a separate middlings rewash operation. 


‘Perhaps the most important fact about these processes for us is chat a. 
number of plants in successful operation: in Kurope and Great Britain demon- | 
state the feasibility of using semistable suspensions. 


Additional information On - coal-preparation preeuce in Germany and The 
Netherlands is given in a report prevsously Peres 2 / 


Coal Preparation in ieetem @éenany 


A survey was made of coal-preparation practices in western Germany to 
discover any technological or organizational developments that might be of 
value to the Americen coal industry; to discover any special devices or 
vechniques that may have been developed to prepare special grades of fuel 
to meet emergency war needs; and to ascertain the grades of coal and the 
methcds of their preparation for use in the synthetic liquid-fuels industry. 


The coal-preparation industry in Germany is organized very much as in 
America, in that the erection of new plants and extensive alterations are 
generally handled on contract by specialized equipment monufacturers who. 
also control very lergely the exploitation of new technological developments. 


In the camperison of contemporary Gorman and American coal-preparation 
practiccs there is (1).the greater predominance of conventional jig washers 
in the German field (although the Baum jig is also the most popular washer 
in America); (2) presizing of coal before jigging, as compared to almost 
universal practice of jigging unsized coal in America; (3) treatment of 
fine coul on jigs in Gemmany,,. contrasted to usc of tablos, launders, and 
clussifiers in America; (4) extensive use of froth flotation in Germany; 
(5) widespread use of the Chance sand-flotation process in America, with no 
direct counterpart in Germeny, although there is a more definite trend in 
that country to the use of substantially stable suspensions; and (6) load- 
ing of the product through bins in Germany, canpared with the practice of 
direct continuous loading of prepared grades from preparation units to 
transport facilities in American practice. 


C/ Yanecy, H. F., and Fraser, Thomas, Coel Preparation in Germany and 
The Netherlands; An. Inst. Min. and Mot. aes , Tech. Pub. 2112, 
1946, 14 pp. ic ie 2 
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Although Germany was the greatest coel producer in continental Europe 
before the war, 95 percent of its energy requirements being supplied by 
solid fuels, it lecked liquid fuels, as woll as other materials. One 
essential material, derived from crude oil, which wes virtually unobtainable, 
wes petroleum coke for making electrodes for aluminum reduction and other 
motallurgical operationss This lack of an adequate source of pure cardm 
made necessary the development of methods of obtuining it from coal. Three 
methods resulted and are as follows: (1) Solution of coal in organic sol- 
vents and removal of inorganic impurities by filtration;..(2) a.two-stage 
cleaning process,.camprising of a heavy-medium separation in a suspension of 
magnetite, followed by grinding of the clean coal and its recleaning by. 
froth flotation; and (43) a combination of cleaning by froth flotation and . 
digestion of the product in a hot, dilute mixture of hydrochloric and hydro- 
fluoric acids to give a final product containing ae 0. 2 percent ash, which 
was then coked in standard byproduct ovens. 


‘The three commercial plants paneeentine these means of iitraveleaniae 
were all heavily banbed during the war and were not in operating condition 
at the time of the survey... However, such data as could be obtained regard- 
ing the technological functioning and performance of these ae are pub- 
lished in some detail.. | 


_ brying i et 


Experimentation on steam drying. of lignite in the. Caer pilot 
Plant at Grand Forks, N. Dak., was continued... After several hundred tons 
of lignite and subbituminous coal were dried, it was proved that the dried 
fuel, was susceptible to spontaneous canmbustion and that it was dangerous to 
Ship the product in railroad cars without further treatment. Consequently, 
a study was made of sane of the factors effecting the spontaneous heating 
of dried lignite. Two experimental bins were constructed, ane of which | 
Simulated a railroad car. This was an open-vpottom steel: bin 5 feet. square 
and, 4 feet high. The bottom was not welded, and on one side a 2-inch open- 
ing extended the entire width, allowing air to enter as it does in a gondola 
railroad car, Ten thermocouples were installed in this bin, 5 on.a plane 1 
foot above the bottem and 5 on a plane 2 feet above the bottom, end were con- 
nected to a recording pyrametcr. The other bin was the same size, but the 
Sides and bottcm were welded gaatight, and thermocouples wero placed 1 and 2 
feet fram the bottom. Natural lignite, dried with 400-pound-pressure steam, 
was then fed to the bins at various temperetures, and the tendency of the 
coal to ignite spontaneously was SaEEeee Tables 8 and 9 summarize the 
results of these tests. a ee a, ae 


Fraser, Thancs » and Tee M. a SWS TTT ST Practice in West- 
ern Germany: Bureau of Mines Int. Circ. 7389, 1946, 70° PP. 
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In all of the tests with the open-bottom bin in which the coal finally 
ignited, the maximum temperature increased rapidly during an initial period 
of fran 5.to 15 hours, usually to the. range of: 185° to 200° F. » then de- - 
creased or remained approximately constant for an additional 25 to 35 hours, 
atter which it rose rapidly to above 500° F. All of the 10 thermocouples 
followed this general pattern. In the tests in which dried coal did not 
igite, the temperature of all thermocouples 1 rose cama for the. first o to 
8 hours , then. eecreeaae very erenueT ty: : ie 


In all of the tests with the. ey oacdopottan bin, ne. Sennen etunee apes 
creased more or less uniformally for the first 40 to: ‘LO hours to the range 
of 180° to 200° F., then -they leveled off for a brief period or rose rapidly 
to ignition and burning temperatures. In all cases, the burning started in 
the upper section of the bin. . . a cer 


Further work remains to be done; however, it is indicated that adequate 
initial cooling of the steam-dried iignite will prevent spontaneous ignition. 


STORAGE OF COAL 


'.In 4 years of operation, during. which 30,000 tons of slack coal were 
utilized, it was demonstrated that storage in large open pie is zeoeivie ; 
witn &- icas of heating value as. Low. as 1.5 percent a 1 year .H0/, 


AS een in the- above Publication, ) the penne general points should 
de ae So 


fe The wane: of the storage pit should be wo enh y: ‘preferably made of 
eee 3- Or exceveed in. aoney earth or reve ; 


2. “Tt is. Aaoveant to ‘avoid segregation of izes ane the Scals as it is 
being unloaded or placed in the pit. The accumulation of zones of fine and 
coarse coal provides air entry courses: which: will supply oxygen to the in- | 
_ terior of the stored coal. The entire mass of. stored coal.should be as. 

Ponce oae as eee a are 


> re In placing eae. coal in ii pit, care gnouie de. taken to store it in 
Shallow benches. 2 to 4 feet in dopth. Observations have shown the latter to 
de both practical. and economical. Each bench should.be leveled and canpacted 
to as high a packing density:as is practical. A bulk ae of oo aoe 
per cubic BOC: can be “Betedned aca | with etek Gerae 


4. It has been Aaeemaesked that anton Souneeetca. of the pit ehoula 
be practiced, taking care of the marginal edges’ as well as the inner areas, 
Remnants of old coal. remaining fran the previous storage should be spread 
out in thin, uniform layers over the bottam of the pit before benches of. 
now. coal are placed. in: storage... Observations have revealed. that snow, weeds, 
and other debris, which have accumulated on the bottom of.:the pit or on: 


Goodman, Jonn 1 oy Parry, Ve. F., and Landors, W. Se. Storage of Subbi- 
tuminous Slack Coal in Open Pits: Bureau of Mines Rept, of Investi- 
gations 3915, 1946, °37 pp. | | 
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benches of coal, ‘should be removed before any new coal is placed, since they 
preclude dense pace tre and eventually become. loosened void spaces which 
enable air to circulate. 


5. . The finished stored coal should be level in appearance. and, if 
possible, flush with ‘the top edge of the pit walls to avoid. entre ment of 
wind currents. Valleys and peaks appearing on the surface of the storage 
pile should be leveled, because irregularities will catch wind currents and 
wili induce air circulation to cause self-heating. 


6. Ina pit with tight side walls, air can enter oly through the top 
surface. To impede movement of air into the coal mass, the surface should 
be compacted by rolling or scraping to break down the top few inches of 
Slacked coal into fines. 


UTILIZATION OF COAL FOR COMBUSTION 


Fuel-ngineer ing Service 


 Fuel-engineering service to Government establishments in the inspection, 
selection, and use of fuel and fuel-burning equipment was continued. At the 
request of the Veterans Administration, total operating-cost camparisons 
were made when oil, gas, and coal are used, and the type of fuel-burning 
Gquipment was recommended for 38 new projects; the complete design of a new 
boiler plant at Fresno, Calif., was studied, and recommendations were made 
for jmprovement. At the request of the Federal Works Agency, a study was 
made of boiler plant changes for improving operation at the Lexington, Ky., 
Marine Hospital. At the request of the Federal Housing Agency, fundamental 
designs for two types of proposed standard boiler plants were planned .and 
recommended. At the request of the Federal Public Housing Administration, 
recanmendations were made on changes in operation and in boiler furnace and 
baffles at its Springficld, Il1., project, whore external. corrosion of 
boiler tubes was causing excessively high maintenance costs. At the request 
of the Public Buildings Administration, a study was made of revamping the 
Washington, D. C., Government fuel yard coal-storage system. Inspections 
were made of four Federal Housing projects in the vicinities of Philadelphia, 
Pa., and Newark, N. J. Reccmmendations were made on the control of corrosion 
difficulties and on the handling and burning of the fuel. Service on 65, 
special problems was given 24 different Government agencics. Although the 
war project, "The National Fuel Efficioncy Program," was terminated at tho 
close of the war, requests have been continually received for hundreds of 
copies of the literature and posters used during that program for improving 
fucl utilization. Consulting service as to the purchase of fuel appropriate 
for the equipment was given the Justice Department and the Office of Indian 
Affairs for all of thoir plants, and also for a number of plants of various 
other agencies, A repreecntative of the Bureau of Mines served as chairman 
of the interdepartmcntal F.deral Fuel Purchasing Committee created to estab-. 
lish Government policics on fuel purchases; he also served as chairman of 
the Technical Committce on Solid Fuels, created to prepare standard Fedcral 
specifications for solid fuels. Work with the American Socicty for Testing 
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Materials included the chairmanshiv of a section “Combustion of Coal and 
Coke," created to prepare a write-up covering the significance of tests of 
coal and coke in relation to combusticm in different types of Shee eee 
equipment. 


Cooperative work with the Air Preheater Corp. on research on the preven- 
tion of deposits and corrosion of boiler air preheaters was continued. Lab- 
oratory tests are being run, and field-test and operating data from many 
installations throughout the United States are being accumulated, Different 
materials and changes of operation are being studied. Substantial progress 
is being made in improving operation and lowering maintenance cost. 


Boiler Feed=-Water Conditioning 


Analyses and resulting recanmmendations were made on 9,1¢e9 samples of 
boiler weter during the fiscal year, as follows; 6,388 from the War Depart- 
ment; 1,095 from the Veterens Administration; 476 from District of Columbia 
plants; 294 from the Post Office Department; 28+ fram the National Housing 
Agency; 200 from the Office of Indian Affairs; 184 from the Department of 
Justice; 55 from the Public Health Service; 29 from the Department of Agricul- 
ture; 27 freom the Navy Department; 19 from the Department of Commerce; 9 from 
the Federal Works Agcncy; 6 from the Atcmic Energy Commission; and 3 fram the 
war Assets Administration. Special analyses and recommendations were made on 
7 samples of several types of water for various agencies. Reports and recom- 
mendations covering 22 analyses of various scales, sludges, and deposits and 
18 covering analyses of boiler compounds were made. An average annual saving 
of about $240.00 was effected by the use of standard chemicals instead of 
proprietary campounds at several National Housing Agency plants. Two hundred 
and seventy eight special Bureau of Mines field-water test kits, 9,000 
bottles of chemical reagents, and 10,517 test-kit replaccment items were dis- 
tributed to various Government activities, Visits were made to 189 heating 
plants operated by a number of Federal agencies in the local area of the 
District of Columbia to advise on boiler-water treatment, give instructions 
in boller-water testing, and inspect boilcrs for scale and sludge. 


_ At the request of the National Advisory Committee for Aeronautics, a 
visit was made to Langley Field, Va., to give instructions on building chemical 
feeding equipment. As a result of the visit, a saving of $3,000 was effected 
in the cost of feeding equirment; in addition » Silica jell used for protection 
of idle boilers was replaced by quicklime, a much cheaper material, At the 
requcst of the Navy Department, instructicns on boiler-water conditioning 
were given to-personnel at the U. S. Naval Torpedo Station in Alexandria, Va., 
and the U. S. Naval Torpedo Testing Range in Piney Point, Md. At the request 
of the District Government, instructions were given to District Government 
Headquarters!’ engineers on boiler-water testing and on boiler-watcr treatment 
and control, A report was made to the District Government of an acceptance 
test of a zeolite softener at Gallinger Hospital. Consulting service was 
given the Public Buildings Administration on control of corrosion in return 
lines; the Veterans Administration in preparing a manual on boiler-water 
treatment and on boiler-water testing; the Capitol Power Plant on boiler-tube 
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failure; ‘the ‘Bureau of Yards and Docks, Navy ieoartuent: on @eicine a manual 
on boiler-water treatment; and the Second Army Headquarters on boiler-water 
treatment. At the request of the Federal Public Housing Authority, plans: 
were completed for extending the bother swarer condi tioning service to Fed- 
eval housing plants throughout ‘the United States. 


: Instructions’ on Testing oo Boiler wate: 


~ An instruction Reet on ‘testing for tannin by poiler-water color — 
was revised and printed, with illustrations. A pH test for water from low- 
viessure boilers by the use tee indicator paper was deve (pee and directions 
for the test wore completed. hel: ‘An instruction -booklett2/ for testing boiler 
water for PROBpHate and GoM vne. ou Was rewritten and revised, with iilustre- 
tions. 


Innovations An. Botler-Water Control 1 Testing 


A caaparative study was made of ‘the determination of total dissolved. 
‘solids in boiler water by hydrometer, electrical conductivity, and evaporation 
to dryness. The elcctrical - ‘conductivity method was not found to be superior 
to the hydromcter in accuracy for routine samples coming from widely dispersed 
sources. The stability of the standard phosphate solution was tested and a 
procedure determined ‘for increasing the stability in the type of bottle used. 
Camparison was made of changes’ in the silica content of boilcr-watcr samples 
in rubocr and glass bottles to determine methcds of bottling boiler-water 
semples for dctexmination of silica. Study was continued, throighout the 
year, of the determination of chloride in boiler weters con taining ‘tannin, 
using the Mchr titration, that is, titration with Silver nitratc, using a 
chromate indicator. The presence of the tannin obscures the end point. | ‘Also, 
high concentrations of phosphate, which mey be present in betler-water samples, 
interfere with the accuracy of the test. A procedure is being worked out for 
renoving the tannin by decolorizing ‘varbon for this tcst and for making necesy 
Sary adjustments to eliminate interference of phosphate. Work was publishea4/ 


1/ Bureau of Mines, Boiler-Water Service Section, Instructions for Burcau of 
. -Mines Boiler Water Tost Kit-for Tannin by Boiler Water Color: .lorm BWS9. 
hes Bureau of Mines, Boiler-Water, Service Section, Bureau of Mines pH Test for 
Boiler Water fran Low Pressure Boilers by Use of. Indicator. Paper: Form 


BWol4. | 
43/ Bursau of Mines, Boiler-Watér Scrvice Section, Instructions for’ Bureau of 


Mincs Boiler. Water Test Kit for Phosphate and Causticity: Form BWSl. 
4d / Golduan, Ly, end Love, R. N., Colorimetrit Phosphate Tests for Boiler 
“ Waters Containing Tennin: Bureau of Mines Rept. of Invostigetions 3983, 


1940, 11 po. 
Goleman, L., and Love ’ R. N. ». CoLorimetric Phosphate Tests for Boiler 


) Waters Containing Tannin: Power Plant Eng. ,. vol. 20; No. l,. 1946, pp. 


70-79. 
Goldman, L., ond Love ; Re Ne “9 ‘Testing Boiler Water: “Heating and Vontila- 


ting, vol. 44, No. 1, Januery 1947, p. 110. 
Goldman, L., end. Love, "Re N., Tests for Boiler Water Containing Tonnin: 


Combustion, vol. 18,.No. 7, January 1947, p. 44, 
Goldmen, L., and Love, R. N., Tests for Boiler Waters Containing Tannin; 


Chem, and Eng. News, vol. 25, No. 5, February 3, 1947, pe 3525. 
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on the determination of phosphate in boiler water containing tannin. Three 
procedures were studied: (1) Coagulation of sludge by heating with potas- 
sium nitrate and use of color blanks to cancel out the color of the tannin; 
(2) bleaching of the tannin with potassium persulfate; and (3) removal of © 
the tannin with decolorizing carbon, a new method developed in our labora- 
tories. A gravimetric A.S.T.M. metnod was adapted for use as a reference 
method for the three colorimetric methods. It was shown that values obtained 
by any of the three colorimetric methods agree. This indicates that calcium 
phosphate sludge can be filtered out completely, even though tannin is 
present in the sample, as in the potassium nitrate coagulation method. The 
new method (3) was shown to be the most rupid and convenient of the methods 
studied. 


Boiler-Water Research 


‘Research was continued on the use of amines in boiler water, which | 
volatilize with the steam and destroy the carbon dioxide acidity of the con- 
densate formed. When such condensate is returned to the boiler. as feed 
water, its amine content 1s again volatilized with the steam. Loss in 
wastcd condensate in. blow-down and at vents must be replaced periodically, 

A canpounded dye was developed to add to a sample of condensate so that the 
boiler operator would know when the proper range of amine content was being 
carried. A method of calculation was devised so that a close approximation. 
of the quantity of. amine required for treatment could be determined when | 

the. percentage of make-up and blow-down was known for & given water. Such 
calculations. furnish quantity and cost data from which it can be estimatcad 
whether or not tne cost of piaine treatment would be economical. A field. 
Study of chemical treatmen -showed that three emincs, cyclohexylaminc, 
oenzylamine, and morpholine, of widely different. alkalinity and volatility 
prevented corrosion cqually well when present in sufficient quantity to nou- 
tralize carbonic acid in thc condensete. Cyclohexylamine is very volatile 

in boiling water and quite alkalinc, benzylamine is moderatcly volatile and | 
modcratcly alkeline, and morpholine lecst volatile ond only mildly alkaline. 
High volatility tends to result in losses during dcseration; low volatility 
tends to result in losses in the blow-down. High alkalinity tends to prevent 
carbon dioxide removal, thereby increasing the perccntage recirculation . of 
this substcence and its concentration in the system. The higher the concentra- 
tion of emine required in the system, the greater the amine make-up required 
Sinco, in gencral, losses cre duc principclly to wasted condcnsate. At the 
particular plant tested, which was operated at a steam pressure of 65 pounds 
per square inch, cyclohexylamine was lost in appreciable quantity at the 
fccd-water heater vent, as well as in the wasted condensate;. blow-down losses 
were important only with morpholine; benzylamine averaged superior to tho 
others in these rcspects, owing to its intermediate volatility. The morphol- 
ine content decreased during the distribution of the stecm:at low pressuros 
(5 psi). .With those deta as baokground, suitable chemical treatment for 
preventing corrosion in condensate piping has. been pone for a large 
numocr of Government-operuted heating plants, , 


Bork, A. A., and Nigm, J., Amine Volatility and Alkalinity in Rolation 
to Corrosion Cantrol in Stcam-Heating Systems: Bureau of Mines Tech. 
Papcor; in press. | on. 
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Under the chairmanship of a representative of the Bureau of Mines, a 
subcommittee or the: American Society for Testing Materials revised seven 
ee ene of = relating to boiler water. 


Smoke Abatement, 


Civic interest in smoke abatement continued to increase throughout the 
year. Many cities made requests of the Bureau of Mines for publications 
and consulting service on smoke abatement. These cities included Omaha, 
Nebd.; Grand Juiction, Colo.; Clarksburg, W. Va.; Cleveland, Ohio; Fort Wash- 
ington, Wis.; Loisce, Ideho; Winnepeg, Canada; Oak Ridge, Tenn.; Tacoma, 
Wash.; Hagerstown, Md.; Fontiac, Mich.; Westmount, Quevec, Canada; and York, 
Pa. The chief smoke-regulation engineer of Atlanta, Ga., requested several 
hundred copies of a numver of pudlications covering fuel-burning equipment 
operation for the purpose of distrivuting them to various boiler plants in 
Atlaita to aid.in the abutement of smoke. At the request-of the smoke- 
.regulation engineer of the District of Columbia, a representative of the 
Bureau served 48.6 member of a committce to investigate fly-ash complaints 
of property owners in one area of the city. At tne request of the Office of 
the Chief of Ordnence, Wer Department, a e-day,survey was made of air-pollu- 
‘tion difficulties at Morgantown, W. Va., the local Chamber of Commerce having 
. canplained that the Morgantown Ordnance Works was the source of éxcessive © 
pollution of the city air. A.visual survey of the principal area of the city 
and an inspectica of the plant in question were made. Certain changes in . 
plant operation wore reccmmendcd, anc means were suggested for determining 
the contaminants of the air over a period of time. A report, entitled 
.'Tontative Exemple Sections for a Smoke-Regulation Ordinance," was completed 
by the American Society of Mechanical Ingineers Smoke Law Committee, of which 
a Burcau of Mines representative is chairman. dHundreds of conree of this 
report have been requested by many different interests. 


Determination of Solid-Fuel Reactivity by Ignitibility 


The avsolute reactivity of a solid fuel is an extremely important property 
for evaluating the bchavior of coel between the extremes of the slow rate of 
combustion occurring in a storage pile and the high specific rate of combus- 
tion of pulvcrized coal] in a gus-turbine combustor. To date, however, no 
mcthod for determining reactivity will give an unequivocal valuc, for any 
given fucl, thet can be correlated with the behavior of that coal in storage 


Ox curned on a grate or in pulverized form. 


| To investigate the many factors that affect the determination of reactivit: 
by the ignition-point method, for the purpose of developing a reliable and 
simple procedure, numerous tests were run with coal from the Pittsburgh seam 
in the conventional ignitibility apparatus. It has been found that the 
reproducibility of results in tho same apparatus and the agreement of results 
with differcnt apparatuses of. the sume design were improved considerably by 
suitable placement of the thermocouples. | Also, it has been found that the 
order of the rcaction with respect to oxygen concentration is less than l, 

and that the reactivity is directly proportional to the specific surface Of 


the sample. 
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In measuring the reactivity by the igition-point method, it is essen- 
tial. that the :thermocouples be resistant to corrosian, generate relatively 
large; voltages, and be made of uniform thermo-elements: to secure reproduci- 
bility. .-Chromel-alumel elements, which possess the first two of these 
properties, were tested thoroughly for ‘uniformity. It ‘was found that a 
sulfur-vapor bath affords an excellent means for calibrating couples. 
Additional annealing improves the quality of 28-gage “standard-oxidized" 
wire, and the poEs@ sy enneet ee. wire is a uniform at Low eee ee 
but unstable. , | | 7 


etermal Corrosion of Furnace-Wall. eubes 


This research has ‘been extended to obtain suentatarive determinations 
of the effect of temperature and concentration of SO, on iron oxides, 
alkali-metal sulfates, mixtures of iron oxide and al@ali-metal sulfates, 
metallic iron and aluminum, and these metals an contact with eet 
men raee aera ee 


. In, éddition, experiments have been made to determine the quantity and 
the. kind of gases evolved from coal ash during sintering and slagging 
processes. This phase of the investigation was conducted’ to confirm the ~ 
mechanism of attack of furnace tubes that are covcred with deposits which 
are predominantly alkali-mctel sulfates - the so-called enamel-type, which 
is a tcorm descriptive of the appeararice’ of these deposits on the tubes 
enOrtY after the furnace is shut down. , , 


ae er péeidaonta Baye bead ‘conducted to determine the mechanism of attack of 
furnace tubcs ‘when the deposit consists mainly of iron sulfide, magnetic 
iron oxide, and carbon. Attack of tubes under these conditions has been | 
dubbed "“sulfide-type" to distinguish it from that which occurs when sulfate 
deposits predominate. On the assumption that pyrites from the coal, which 
adheres to cortain tubcs ‘in cortain furnaces, initiates the sulfide type of 
attack, ‘sane success in clarifying the mechanism has teen obtained from 
experiments under controlled laboratory conditions, with solid-solid 
reactions, batwoon iron sulfide and mctallic iron, and iron disulfide and 
metallic iron. ; ; 


é 


} 


" Saiokoloas ee Fucl for Dames tic Use | 


hs the result of renewed interest ana activity in smoke control in | 
large citivs, and the interest of damestic consumers of solid fucls in in- 
* proved methods of hand-firing, an invostigation was made of the bdurning 
cheracteristics of certain special packaged fuels containing low-volutile 
bituminaus coal and asphaltic binder; high-volatile bituminous coal and 
vinder; a mixture of the latter ‘with e special "activator" composed of a 
‘liquid hydrocarbon and coal;. and a mixture of high-volatile bituminous coal, 
aoa en be Peete SES 9: and pvinder. 


oe “the: experiments. were conducted in a typical deuieatié hot-water" boiler 
equipped 7 ‘determining saiearettiaie the eciaais rates -and smoke emission, 


eee 
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and for fuel-bed vhotography, under controlled operating conditions. The 
characteristic receiving particuler attention was the smoke produced by 
eacn blend, and for this purpose a specially designed photoelectric-type 
smoke eer was used to determine the factors important from the standpoint 
of smoke control - instantaneous smoke density and total relative smoke. 


The total relative quantity of smoke produced during burning of the ~ 
packaged fuels increased with the volatile content of the fuel. 


The addition of low-temperature: coke-to high-volatile bituminous coal 
reduced the total relative quantity cof smoke but resulted in lower burning 
rates, more ash-pit losses, and firing difficulties. 


All the ‘fuel mixtures Studied produced coke strong enough to prevent 
crumbling in the fuel bed and resulted in burning rates high enough to meet 
dcmestic requirements. 


High percentages of high-volatile bituminous coal in the packages re- 
quired the use of secondary air to prevent excessive smoking caused by the 
formation of a plastic layer on the top of the fuel bed. 


Mineral Wool fran Rhode Island Anthracite 


Eight tests were made with a slagging-type gas producer to secure slag 
from Cranston coal that would be suitapdle for the manufacture of mineral 
wool. To date, the operating experience for 4 , Wide variety of test condi- 
tions, such as various arrangements of the tuyeres and tap hole and different 
charges of limestones and coal, show that the initial period of the formation 
ot slag and tapping is followed by displacement upward of the reaction zone 
in the fuel bed. This causes cooling of the shaft and the tuyére zone, so 
that tapping ceases within a relatively short time. It is believed that, 
although adequate tapping might be obtained merely by making minor aances 
in the errangement of the tuyeres, tap hole, and floor of the producer, the 
flexibility of operation would be exceedingly narrow unless the blast air 
is preheated to at least 1,000° F. Accordingly, with the information from 
the tests that have been made, optimum arrangement of the canponent parts 
of the producer has been edopted; and an oil-fired preheater, designed to 
heat 2,000 pounds of air per hour to 1,200° F., is now under construction, 


Developments in Switzerland 


The econamic situetion with regard to fuels in Switzerland during recent 
years hes resulted in theoretical cute Ai engineering developments that 
otherwise might not have veen undertaken. 46 6/ The high cost of coal led to 
turbine developments by three canpanies., The compenies have an optimistic 
attitude regarding the solution of the avrasion problem in coal-fired gas 
turbincs. Some ccmdustion turbines » of Swiss design, were built in Germany. 


Rose, Harold Ja Recent Ingineering Developments in Switzerland on Gas 
Turbines and Steam Generators: Bureau of Mines Inf. Circ. 7403, 


1947, 38 pp. 
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An oil-fired turbine locomotive was tested and accepted in Switzerland, but 
its use was discontinued owing to the shortage of fuel oil. . The heat pump 
has been used in Switzerland for space heating, air conditioning, industrial 


drying, and evaporation. 
_ CARBONIZATION AND GASIFICATION 


Laboratory Tests of Coking Coals 


cmall-scale laboratory carbonization tests made on various coals to 
evaluate their metallurgical coke-making properties as part of the survey 
of the gas- and coke-making properties of American coals include the United 
States Steel Corp. high-temperature distillation test, the Fischer low- 
temperature carbonization assay, and the Bureeu of Mines agglutinating-value 
test. Technical papers4 giving carbonization assays on 3 eastern and 28 
western coals and agglutinating indices for 43 eastcrn and 89. western coals 
have been published. Agglutinating values of the western coals examined 
showed a better relationship to the coking quality of the coals than have 
those from Appalachian coals, which have shown poor correlation of aggluti- 
nating-value tests with shatter and tumbler tests of cokes made from these 
easturn coals. Most of the western coals examined are deficient in aggluti- 
hating materials, whereas many of the Appalachian coals have more of such 
materials than is required to form good coke. It is believed that aggluti- 
nating-value tests distinguish better between coals with a deficiency of 
such material than between those with an exccss. ~ 


 Agglutinating-value tests were made of 104 drill-core, outcrop, and 
mine.samples of coal submitted in connection with investigations to determine 
minable reserves of coking coals for steel plants. The coals were fram the 
Coosa field in St. Clair County, Ala., the Coal Creek district in Gunnison 
County, Colo., and the Georges Creek and Castleman Basin fields in western 
Maryland. . Agglutinating values of drill-core and mine samples fram the 
Coosa field in Alabama ranged from 5.2 to 12.0 kilograms and those of out- 
crop samples fram 0.0 to 6.7 kilograms. The results indicate that many of 
the coals are etrongly coking. . Low values for most of the outcrop samples 
are probably due to oxidation of the coal by weathering. Agglutinating 
values of Castleman BaSin and Georges Creek coals of Maryland ranged fram 
3-8 to 11.9 kilograms, which are satisfactory for coking coals. The Coal 
Creek coals of Colorado had agglutinating values ranging trom 1.9 to 6.2 


Reynolds, D. A., Davis, J. D., Brewer, R. E., Ode, W. H., Wolfson, . 
D. E., end Birge, G. W., Carbonizing Properties of Western Coals: 
Bureau of Mines Tech. Paper 692, 1946, 79 pp. 

gi aera D. A., Davis, J. D., Ode, W. H., noe D. E., and Birge, 
G. W., Carbonizing Properties of Velva Lignite from Ward County, 
North Dakota, and Monarch Coal from Sheridan County, Wyoming: Bureau 
of Mines Tech. Paper 695, 1946, 41 pp. 

Reynolds, D. A., Davis, J. D., Brewer, R. E., Ode, W. H., and Wolfson, 
D. E., Carbonizing Properties of Elkhorn No. .3-bed Coal from Wheel- 
wright Mine, Floyd County, Ky.: Bvreau'of Mines Tech. Paper 697, 
1947, 41 pp. 
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kilograms. These results have been incorporated in &@ progress reportt&/ « ‘in 
which it. is shown ‘that coals occur in the Coal Creek district that are equal 
to the Sunnyside coal of Uteh for making metallurgical coke.’ 


Agglutinating-value tests on drill-core and mine sample of coal taken 
in connection with an ESTE ey ee ‘coal deposits in the Lookout Mouw- 
tain field, DeKalb and Cherokee Counties, et showed eo of the 
coals examined were strongly. coking... .- ve 


In connection with a survey of the effects of oxidation of coal during 
storage on the carbonizing properties of coking coais,. agglutinating values 
of 15 coal samples were determined. The coals were from the Black Creek 
bed, Marion County, Aless Raton bed, Colfax County, N. Mex.; Pittsburgh bed, 
Allegheny County, Pa.3; Eagle ved, Kanawis County, We Va.s and Naricual Basin, 
Venezuela. From data that have been obtained on changes in agglutinating 
valucs of coals during storage, it was concluded that the agglutinating 
value is one of the best criteria of the extent of oxidation of stored cok- 
ing coer 


Rpmitinek neecales tests were made on 29 edulis of coat fran Kentuaiy: 
Maryland, New Mexico, Pennsylvania, and West Virginia to determine whether 
these cosls have sufficient coking properties to be suitable for export to | 
blend with certein- European coals for making metallurgical coke. The results 
showed that the coals ranged from weakly coking. to strongly coxing. | 


Agglutinating-value tests were made of six samples of coal from the 
Gorgas experimental mine, Pratt bed, Walker County, Ala., in connection with 
’ the preparation of this mine for experimental underground gasification tests. 
The values ranged from 6. 9 to 8.5 kilograms, ‘Indicative of a quite strongly 
coking coal. . 


Eleven samples of Upper Cretaceous coal from northern Alaska were ‘tested 
by the Fischer low-temperature carbonization assay to determine their value 
aS a potential source of liquid fuel. ‘The samples were coliécted in the 
summer of 1946 by the Federal Geological Survey im connection with Navy - 
Department petroleum investigations in Naval’ Petroleum Reserve 4. Thc range 
of ylelds of carbonization products on an air-dried coal basis was as follows: 
Carbonized residue, 62 to 86 percent; tar, 9.6 to 37.6 gallons per ton; light’ 
oil, 0.85 to 2.7 gallons per ‘ton;‘and gas, 1,200 to 4,360 cubic feet per ton. 
One of the coals formed a nonswollen ccke- ‘that was very weak and friable. 
The carbonized reBidues from two samples were very Slightly fused, with a 
few amall cells. All of the other coals were noncoking in the Fischer assay, 
as carbonized residues were ‘Loose powders. | 


8/ See footnote 14, p. oom 
4g/ See footnote 15, p. 26. 
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Survey of Carbonizing Properties of American Coals 


Studies on the carbonizing properties, plasticity, expansion, and oxi- 
dation of coal were cantinued. Only one coal was received for the complete 
series of tests by the BM-AGA method of determining gas-, coke-, and byproduct- 
making proverties; it represented the Lower Banner bed and mine 56, Dante, 
Russell County, Va. Other investigations were made on nine high-volatile A 
coals that were tested mainly for yields of carbonization products in coopera- 
tion with the Republic Steel Corp., three samples of asphaltita for the 
Argentine Government, and one sample of coal for the Government of Venezuela. 
Further work was done on the small vertical expansion oven, and a paper for 
pudlication showing that it is not reliable for determining expanding prop- 
erties of coal was prepared. Eleven coking coals previously tested for 
sensitivity to oxidation in the fresh state were carbonized after exposure 
in tnin layers at room temperature (average, about 70° F.) for a maximum of 
3-1/2 years. | 

\ 

Table 10 gives the analyses of all coals carbonized at 900° C. during 
the year, table 11 the yields of carbmization products, table le the phy- 
sicel and chemical properties of the gas, tables 13 ani 14 the physical 
properties of the coke, and table 15 the analysis of tar distillate and 
lignt oil. Expanding properties and deterioration on oxidation were also 
determined. 


The Lower Banner coal from Russell County, Va., (coal 91) yielded less 
coke and more byproducts than sample 58 from Keen Mountain mine, Buchanan 
County, Va. The 900° C. yields frem coals 91 and 58 were, respectively; 
Cake, 70.4 and 79.2 percent; gas, 11,000 and 10,150 cubic feet per ton; tar, 
6.9 and 3.2 percent; light oil, 4.21 and 1.92 gallons per ton; liquor, 4.7 
end 4.2 percent; and emmonium sulfate, 24.2 and 15.2 pounds per ton. These 
differences in yields accord with the rank of the samples, for the latter 
(No. 91) ranks as high-volatile A, whereas the former (No. 58) was a mediun- 
volatile coal. Variations in the yields caused by changing the carbonizing 
temperature wero normal for high-volatile A coals. The minimum yield of 
coke (69.8 percent) and the maximum yields of ammcnium sulfate (28.8 pounds 
per ton) were obtained at 800° and 700° C., respectively. The 900° C. coke 
was Slightly weaker than the average coke from 25 high-volatile coals, as 
indicated by the following comparison of strength-test. indexes of cokes 
fron Lower Banner and average high-volatile A coal, respectively: 1-1/2-inch 
shatter, 67.3 and 70.4; l-inch tumbler, 48,1 and 50.8; 1/4-inch tumbler, 66.7 
and 72.2. The heating value of the gas from Lower Banner coal was high; the 
900° C, gas had heating values of 605 B.t.u. per cubic foot and 4,330 B.t.u. 
per pound of coal. This gas contained a moderate proportion (210 grains per 
100 cubic feet) of hydrogen sulfide. The tar contained only 2.7 percent 
acids, or about half the proportion generally found in high-volatile A coals; 
this exception may be related to the low oxygen content (6.5 percent on the 
as-received basis) of Lower Banner coal. The 900° C. light oil contained 
{0.2 percent benzene, which is higher than average. 
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The princival high-volatile coals for metallurgical coke are obtained 
from a number of sources. The Thick Freeport and Pittsburgh beds in Penn- 
sylvania and the Elkhorn bed in Kentucky furnishes large quantities. Mix- 
tures of medium- to high-volatile Mary Lee and America coals are used in 
Alabama. Low-volatile coals for blending with the Freeport, Pittsburgh, 
and Elkhorn are purchased on the open market, and it has not been possible 
to obtain low-volatile coal of uniform quality for the various plants using 
these coals. Recovery of bypreducts from several plants has differed cocn- 
siderably and it was desired to know how much of the differences in yields 
could be charged to differences in coals used. Accordingly, it was decided 
to test the coals, in cooperation with the Renublic Steel Corp., by the 
BM-AGA method and thus obtain a reliable basis for comparing them. Blending 
with miscellaneous low-volatile coals at byproduct-oven plants complicated 
the comparison, but only small amounts of these coals are used, and in some 
cases BM-AGA results are available on them. 


Nine coals were carbonized in duplicate in the 18-inch retort at 800°, 
900°, and 1,000° c. The usual differences in yields of products were ob- 
tained on going from 800° to 1, 000° C. That is, as the carbonizing tempera- 
ture is raiscd, the yield of gas increases and that of tar decreases; the 
yield of coke at 1,000° C. is usually slightly higher than that at 900° c. 


As two Thick Freeport- and two Pittsburgh-bed coals from mines cnly a 
short distance apart in each case were tested, the yields were calculated to 
the ash- and moisture-free basis to bring out differences in carbonizing 
properties of the ccal substance. Results for the Harmar mine (coal 72), 
which is also a Thick Freeport bed coal from Allegheny County, and for 
Pittsburgh bed (coal 28), Warden mine, coal are also included. The yields 
from the Indianola and Harmar mine coals (table 15) are almost identical; 
the Russellton coal yields more gas, less tar, and slightly more light oil. 
It is believed that this increase in light oil is large enough to be con- 
sidered significant. 


Clyde coal gave a lower yield of coke and higher yields of tar and gas 
than the other two Pittsburgh-bed coals; the yields from Crescent and Warden 
coals were very similar. The yield of light oil from the latter was low, 
but this coal was tested more than 15 years ago when automatic cooling for 
the light-oil scrubbers had not been provided. Probably some of the light 
oil from the Warden coal was not removed from the gas. The figures for heat- 
in-gas per pound of coal carbonized indicate that this is true; they are 
3,230 B.t.u. for Warden and 3,020 for Crescent. Elkhorn coal yielded more 
coke and less gas, tar, and light oil than Thick Freeport and Pittsburgh 
coals. 
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Generally, the properties of the cokes corrélate with rank of coal. 

The five high-volatile A coals representing the Thick Freeport, Pittsburgh, 
and Elkhorn beds coked less strongly than the higher-ranking Alabama coals. 
The 900° C. coke from Elkhorn coal was outstanding for the coal rank; the 
1-4-inch shatter and l-inch tumbler indexes of this coke were 83.4 and DO.) 
respectively, whereas the corresponding averages for 25 high-volatile A 
coals were 70.4 and 50.8, respectively. The three Mary Lee coals ranked 
low in the medium- volatile classification or very high in the high-volatile 
A group, and America coal ranked high in the medium-volatile group. The 
cokes from these coals were definitely euponser than the cokes from the five 
high-volatile A coals, if judged by the 1-4-inch shatter and l-inch tumbler 
indexes. The 1/4-inch tumbler indexes‘are hot ontstahding for either coal 
group. Although America coal ranked highest, its coking power approximately 
equaled that of Elkhorn coal. Previous investigations of coals from these 
beds indicate that they yield metallurgical coke if blended oe poets of 
suitable rank and composition. 

When the BM-AGA work was started,-it appeared that crushing the coal 
for carbonization to pass 7 4-inch corresponded to the average coke-oven prac- 
tice; accordingly, this size was chosen for the testing, and Coals were 
stage-crushed so that there was a mininhum of fines. Now, however, finer. 
crushing is practiced at coke plants; most plants crush to O- to 1/8- inch 
with about 70 percent through 1/8-inch, particularly where. it.is necessary 
to blend several coals. The quality of the coke is believed improved thereby. 
It seems obvious that the BM-AGA preparation should be changed ‘to correspond 
more closely with industrial practice, and tests of the effect of fine and 
coarse crushing on the physical properties of the coke have been made fram 
time to time. To obtain more data on this effect, the five high-volatile 
coals were tested at 900° C. using both the O- to "2. inch and O- and 1/8- inch 
sizes. The results are given in table 17. The Gnome goment in the l-inch 
tumbler index of the coke is definite, .and the +-inch index generally is 
raised by the reduction in size. The 1-}-inch shatter index shows aporeci- 
able improvement for the Thick Freepert aoe but not for the Pittsburgh 
and Elkhorn coals. If the comparison is nae. on the basis of the l-inch 
index, improvement is shown except for the Crescent coal. 


The physical and chemical properties of the 900° C. gases shown in 
table 12 indicate that none of the North American coals tested rank high as _ 
gas coals. The heating values were highest for Thick Freeport and Pittsburgh 
coals; however, these ranged from 3,020 to 3,180 B.t.u. per pound of coal, 
whereas the average value for 39 high-volatile A coals is 3,220 B.t.u. per 
pound. The gases from the other coals had heating values lower than 3,000 
B.t.u. per pound. The content of hvdrogen sulfide in the 900° C. gases 
ranged from 100 to 500 grains per 100 cubic feet, the’ northern coals having 
the highest proportions. However, the samples of America and Mary Lee coals 
had been washed, which probably lowered the sulfur content of the Con. ; 
appreciably. 
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TABLE 17. - Effect of fine crushing of coal on 
_. physical properties of coke. 


Shatter index, Tumbler. index, 
cumulative percent upon-|cumulative percent upon- | 
| of: 1-1/2-inch | l-inch l-inch 1/4-inch 
Coal Crushing screen screen _ screen _ screen 
Indianola i0-- to 1/4-inch 56.3 59.2 9.2 70.7 
Do. |0- to 1/8-inch| 7k. 91.5 58.6 | . The5 
Russellton|0- to 1/4-inch 68. 9 88.2 QLD | 72.8 
Do. . |O0- to 1/8-inch} 77.0 | 92.3 56.2 | 73.0. 
Crescent j|0- to 1/4- inch 70.6 | 92.6 | 53.9 70.2 
“Do.  |0= to 1/8-inch| 70.6 =| 92.5 55.8 | 70.7 
Clyde O- to 1/h4-inch 68.0 | 92.0 Sky 71.9 
‘Do.. = |0- to 1/8-inch 66.1 | 93.1 58.4 291.8 
; | 
Elkhorn |0- to 1/4-inch 83.4 92.8 56.5 70.7 
Dp = O- to 1/8-inch 79.5 93.4 62.9 75 23 


The properties of the tar and light oil do not correlate closely with 
coal rank. The proportion of acids in the tar distillate is lowest (2.4 per- 
cent) for the. highest-ranking coal (America), but the percentage for Sayre 
mine, Mary Lee Bed, coal is 6.5; and this coal ranks higher than Russellton 
mine, Thick Freeport -bed coal, for which the percentage is only 3.7. The ~ 
percentages of paraffins and naphthenes in the neutral olls was définitely 
higher for the higher-ranking coals from Alabama. The proportions of benzene 
and toluene in the light oils ranged from 65.0 to 72.8 and from 18. 1 to 21.8, 
respectively, with virtually no relation to rank of coal. | 


Argentine Asfaltita 


Three samples of Argentine asfaltita, each.weighing about 300 pounds, 
were received for carbonization tests nae in the 13-inch BM-AGA retort at 
900° c. The ‘samples were marked Nos. 1, 2, and 3 and were distinguished by. 
the amount of asphaltic material soluble fn carbon disulfide; extractable 
matter was 8.4, 49.7, and 48.8 for samples 1, 2, and 3, respectively. 
Abraham's "Asphalts ‘and Allied Substances" calls the material asphalitite, or 
more ‘specifically, "“grahamite."” The moisture contents were 1.0, 1.6, and 
O.9 percent; the ash, 5. 9, 3.7, and 3.3 percent ; the sulfur 2. 1, 2. 3, and 
2.3 percent; and heating values, 14,990, 15,690, and 15,990 B. tave ‘respec - 
tively, for the three samples. Sample 1 could be carbonized 100 percent, 
but samples 2 and 3 swelled out of the retorts ane could be carbonized only 
by mixing with equal parts of sanple 1. : 


The aes from asfaltita resembled those from Utah coals in structure, 
but they were much weaker than those from the best Utah coals. It is be- 
lieved, however, that they are strong enough to serve as domestic fuel. ‘Be- 
cause of the high asphaltic content, the yield and quality of the gas was 
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very high; the heating value. per cubic foot ranged from 710 to 746 B.t.u., 
and the heat-in.gas per: pound of material ranged from 4,450 to 4,980 B.t.u. 
The tar and light. oil were hizhly aronatic.: Aromatic sempaunds in tar were 
concentrated’ in:'naphthalene:and anthracene salts, and in the light oil they 
eppeared largely as benzene. The highest yield of pure benzene obtained 
was about five: gallons: per ton. | 


Venezuel2n Coal 


A 00-peund sample of Naricual Basin ccal, Venezuela, contained 3.6 
percent moisture, 2.1 percent ash, and 0.5 percent sulfur. It contained 
c4.8 percent fixed carbon on the dry, mineral-matter-free basis and had a 
Leating value of 14,060 cn the moist, mineval-matter-free basis; therefore, 
it ranks as hizh-volatile A coal. It was known te be deficient in coking 
properties, and the vroblem was to determine if metallurgical~quality coke 
could be produced from blends of this coal and asphnltic oil-still residue. 
BM-AGA tests at 900° C. indicated thei blending with 10 percent still resi- 
due improved the coke, although it was still inferior to that from Lower 

Sunnyside (Utan) coal. Further experiments, using larger proportions’ of 
residue, maj beneficiate the ccks more, but richer mixtures are difficult 
GO ie Fovane and carbcnize; they give excessive amounts of spongy coke at the 
center of the charge. _ | | a 

Naricual coal yielded 59.6 perccnt coke, 23.1 percent gas (equivalent 
to 12,550 cubic feet per ton), 12.9 gallons of tar, 4.17 gallons of light 
oil, and 29.6 pounds of ammonium sulfate ner ton. The heating values of 
the gus (614 B.t.u, per cubic foot and 3,250 B.t.u. per pound of coal) wére 
high. The composition of the tar and Light oil was similar to that from 
domestic high-volatile coals. Blending with asvhaltic residue reised the 
heating values of the gas significantly and increased the proportion of 
benzene in the light oil. 


Expansion-Test Investigations 


Figure 35 shows a vertical section of the small vertical oven, and 
figure 36 is a photograph showing the oven open. The cocking chamber is le 
inches long and 5 inches wide and holds about 17 pounds of coal when filled 
to a depth of 9-3 inches. The bottom and ends are fire brick, and the | 
heated walls are silicon carbide plates. Each well is heated by nine hori- 
zontal coils of 13-gage nickel-chromiun wire, with resistance adjusted to 
give uni form heating. The maximum variation ‘in the ‘temperature across the 
walls is 25° C., a large part of which occurs near the edges of the walls. 


A large number of tests have been made over a period of 3 years hy 
several operators with various adjustments of test conditions in the hope 
that a schedule could be worked out that would produce uniform results. 
Results in table 18 are typical of the unsatisfactory performance of the 
oven. .) 
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Figure 35. - Small, vertical oven. 
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TABLE 18. - Agreement of test results from small vertical oven 


Coal 89 - 100 percent Pocahontas No. 6 bed 

Coal 82D - 35 percent Fagle bed, 35 percent Powellton bed, and 30 percent 
Pocahontas Ne. 3 bed 

Coal 235 - From cval-charging car at coke oven at Rosita, Coahuila, Mexico 

Coal 23€B - 70 percent Powellton bed and 30 percent Pocahontas No. 3 bed 

Deviation of 


Bulk density, Maximum pressure, 


Coal Test pounds per pounds per square inch wall pressure 
No. No. cubic foot | . Gas Wall from the average 
Free top. 2,0009-2,200" F. schedule | 
89 SV-14 L9g.0. ir-0 ‘tel +1.6 
SV-8 4g.1 14.0 cea? 3 +1 .2 
SV-15 —4g.2 4 2 2.1. =t.0 
oVe9 ugk 9.0 see +1,1 
Average 49.2 10.3 6.1 2.0 
89 SV-2 50.0 9.0 Sc -1.6 
SV-12 50.0 8.0 2.6 -1.2 
SV-13 50.3 1340 eite. hed 
SV-10 50.3 1230: 5.0 +1.0 
SV-7 50.6 4g. 3.3 -1.5 
SV-6 50.6 1520 7.0 42.2 
Average 50.3 10.3 4.8 1.4 
89 SV-1 51.3 8.0 8.0 +2.7 
SV-4 Des 11.7 52 - ol 
SV-5 51.3 9.0 ser gd 
SV-11 51.9 5.0 24 -2.9 
Average 51.5 8.4 5.3 1.5 


Confined top - cooled. 


2 ,000°-2 ,200° 


ae schedule 


82D ~=—s- SV-7 48.2 6.0 3.0 -0.2 
- gy-8 5O.4 5.5 3.2 “0 
SV-9 50.4 2,2 3.9. + .7 
SV-10 50.4 LO OeT - .5 
SV-14 50.4 +680 3.0 ge 
Average 50.0. 4.7 3.2 3 
235 SV-4 Hse - 21.9 =025 
SV-5 S142: ~ 2.3 - .l 
SV-6 51.2 - 2.9 - SE 5 
SV-7 51.2 ~ 1.8 = 56 
~ SV-8 Polae 2 2.5 + 1 
SV-9 51.2 = 2.8 + 4 
Average 51.2 - 2.4 ok 
2388 SV-1 bie 7 8.2 +3.7 
SV-2 51.2 x 4.3 & ge 
SV-3 51.2 ss 4.9 + ,h 
SV-4 51.2 2 4.6 gees 8 
SV-5 51.2 ~ 3.8 - .7 
SV-6 51.2 - 3.2 -1.3 
SV-7 51.2 - eae | -1.8 
Average 51.2 - 45 1.2 
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Table 19 compares results con the same coals for the ene cheated, Lares 

vertical, and small vertical slot ovens. The coals expanding mest in the 
sale-sneated.. -ven show the highest pressures in both vertical ovens, but the 
tests .da.net rlace the coals in: the same order. The small sere iesl aven 
wives the highest pressures, except in one case, and here the maximun pres- 
sure is so'small as to be almest within limits of. experimental errcr. The > 
gas “ressure is always high in the small vertical’ cven, and it ts erratic. 
This is undoubtedly a ecentributing factor in the high wall pressure for 
this cven and alsc in lack of agreement between dunlicate results. The 
high ratio’ cf thickness of the plastic layers at the center to the total 
thickness of the charge in the small vertical oven would favor high expan- 
sion pressures; or, stated in another way, the pressure developed at the 
center is less-relieved by the relatively thin layer of contracting coke. 
Development of high erratic gas pressures behind the vlastic envelcpe in 
the small vertical oven is perhars its more serious defect. Other factors 
contributing to high results in this.oven should be constant under uniform 
test conditions, and it therefore should be vossible to correlate them with 
those of the eee test ovens. 


The sole-heated oven wes sed in 101 tests to determine the expanding 
properties of the 29 coal samples and blends described in table 20. New san- 
ples of standard high- and low-volatile coals used for blending with BM-AGA _ 
coals were received and tested in the scle-heated oven. High-volatile 
Pittsburgh-bed, Warden mine coal (m2), contracted 14.0 percent as compared 
with 13.7 percent for a sample received in 1938.. This coal was oxidized 
in air at 100° C. for various periods and tested after each stage in the 
sole-heated oven. The results of these tests are given in table el. — 
low-vclatile sample, Pocahontas No. 3 bed, Carswell mine (coal a75), e 
panded 19.7 percent as compared with 21. ia and 24.4 percent for former eeaciee 


Lower Banner-bed coal from No..56 mine, Dante, -Russell County, Va. 

(coal 91), contracted 25.8 percent in.the sole-heated-oven. The oxidized 
samples contracted less as oxidation pregressed. This increase in exuandir- 
tendency may account for the improvement in coke quality sometimes found 
with slight oxidation. The 1-3-inch shatter index of the coke from this 
coal was not improved, but the l-inch tumbler index was increased from LO.7 
percent for the unoxidized coal to 57.9 percent for the sccond oxidation 
stage. The tumbler index decreased to 53.5 percent for the lest or third 
oxidation stage. Lower Banner cvcal in 60:20 and 79: 30 blends with FPocehontas 
No. 3 contracted 11.5 and 6.0 percent, respectively. - Both of these blends 
should be safe for industrial use, since neither expanded under a constant 
applied load of 2.2 pounds per square inch during carbonization in the sole- 
heated oven. 


Two edditional samples of Lower Banner coal (c9i and a91), which 
represented other parts of the No. 54 mine, contracted less than the carboni- 
zation sample. 
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TABLE 19 + - wonpes ence of. results from three types of expansion ovens 


Corl XP-38 - 85: percent otiasouiel bed and 15 ebonit Upper Kittanning bed 
Coal 235 - From coal-charging car at coke oven, Rosita, Coahufla; Mexico ... 
Coal XP-56A -.80 percent Fittsburgh bed and 20 percent Pocahontas No. 3 bed 
Coal 82D - 35 percent Eagle bed, 35 percent Powellton bed, and 30 percent: * 

, Pocahontas No. 3 bed 
Coal 87A - 80 percent Pittsburgh bed end 20 percent Hill bed (washed) 
Corl 89 - 100 percent Pocahontas No. 6 bed 
Coal 257 - 49.5 percent Eagle bed and 50.5 percent Pocahontas ‘No. 3 bed | 
Coal 81A - 80 percent Powellton bed and 20 percent Pocahontas No. 3 bed~ 
Coal XP36 - 100 percent Mary Lee bed 


: Sole-heated oven | Large vertical oven. Small vertical oven 

: Average maximum Maximum | Maximum. 
expansion at Bulk pressure, Bulk — | pressure, 

| bulk density of | density ’ lb. per ‘| density, lb. per 
Coal 55e) lb. per lb, per | square inch | 1b. per: | square inch 
No. cu. ft. ercent cu.:- ft. -} Wali Gas cu. £t.:.. | Wall } Gas 
XP-38 - : S53 ol Ser | Ost ~ WG TO. 0.€ 
235 267 51.5 a ae 50.4 26 | 3st 
XP 56A - 6.4 49.8 i Ue 1/49.6 | 1.9 4.2 
82D - 3.6 43.0 | Lo 2/50. 1 Bie |) 65 
87A =. lie Sop 4 gate) = 2750.3 | 2a 1 5.0 
89 . +t 362. ‘ | - oe 7/50 | dna 1 BS 
257. 2 1/ug.9 | 3.6 | 4.4 | 1/8/50.0, | 4.6 | 9.5 
81A $. 302, - 5067 SB) 4 Suk these i Se Ie 6 
XP-36., + 44 1.8 Bae 343 L./49 .3 4.3 9.0 


1 ‘Tested at 2,000°-2,200° F. heating schedule; all other tests in both 
large and small vertical ovens made at 2 ,300°-2, 500° F. heating 
schedule. 

2/ Single test only. 

3/ Moisture content, 8.7 percent. 

q/ Moisture content, 1.5 percent. 
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TABLE 20. - Description of coals and blends testeal/ 


Coal No. Description 
m28 Pittsburgh bed, Warden mine (washed) 


a75 Pocahontas No. 3 bed, Carswell mine, Kimball, McDowell Ccunty, 
W. Ve. 
91 Lower Banner bed, No. 56 mine, ae Russell County, Va. Break- 


through Between 3d and 4th mains, N. 1,420 feet, W. 290 feet 
from drift mouth. — | 


col Special expansion sample of coal 91 from first right, 400 feet 
| off fourth main. 
acl Special expansion samole of coal 91 from No. 6 room, 239 feet off 
first left moist coal face. 
91A 80 percent coal 91 and 20 percent coal da75. 
91B 7O percent coal 91 and 30 percent coal d75. 
291A 50 nercent coal 291 and 50 percent coal c75. 
291B 70 percent coal 291 and 30 percent coal c7/5. 
296 Sayreton run--of-mine on which float-and-sink has been made and 
determination for ash analyzing 10. 30. 
297 Sayreton No. 2 washed and crushed to approximately 68 percent 
' minus 1/8-inch mesh. 
298 Sayreton fine coal. Sampled and screened with 60 percent through 


1/8-inch mesh.. Sample then through hammer mill and screened, 
with apsrozimetély 75 vercent through 1/8- inch. mesh. 

299 me reeton coarse coal. Sampled and screened with. 30 percent through 
1 /8-inch mesh. Sample then through hammer mill and screened, 

- with approximately 7/5 percent through 1/8- inch mesh. 

300 Sayreton average coal. Sampled and screened, with 45 percent 
through 1/8-inch mesh. Sample then through hammer mill and 
screened, with approximately 75 percent through ue inch mesh. 

317 Pocahontas. No. 3 bed. 


317A 20 percent coal 317 and 80 percent coal m28. | 
304 Morgantown, W. Va., Ordnance sample 1. Mixture of coal from 
| Rosedale mine and McCartney mines, Monongalia County, W. Va. 

305 Morgantown, W. Va., Ordnance sample 2. Composed of same coals 
as 304. 

306 Morgantown, W. Va., Ordnance sample 3. Composed of same coals 
as 304. 

310a1/ Blend of Argentine asfeltitas. 50 percent 310 and 50 percent 
a310 


1/ see table 11 for description of coals 291, 292, 293, 294 295, 308, 309, 


310, 310A, 312, and 313. 
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TABLE 21. - Expansion test results in sole-heated, oven 
, pansion percent 


Coal | Moisture, Calculated to 55.5 Ib. per cu. ft. 
N>. percent ‘Dry basis Dry solid coal. 


mea Leo -l12 .6 oe 30. 2 
n281/ 1.9 on - 569 39.6 
n282 / 1.9 59 ~ k,l i 4e.8 
293 - -10.2 = - 
re 2.8 419.7 423.1 89.0 
91 1.5 -25.8. - | #28.7 | 1135 
914 / Ac -17.8 -16.4 eh 
$15/ 1.4 -16.9 A567 25.8 
916/ 1s7 -16.1 -14 .6 27.8 
c91 aS ~25 5 -2h 4 12.3 
a91 2.5 ~22 .2 -20.2 ‘17.9 
O1A 1.6 -11.5. ~10.2 34.8 
918 1.6 - 6.0 - 4.5 43.7 
ae 2.4 - -12.7 -10.5 35.63 
291A 2.0 + 7.1 + 9.2 65.8 
291B 2.2 + 1.5 $3.7 . 56.4 
292 2.7 -14.6 “12.2 33.7 
e93 353 -16.6 -13.8 29.3 
294 255, -15.3 0 4120 32.1 
295 4.0 = ee - 7.4 hy 4 
296 2123 - 7.6 meigue hh 2 
297 2D + ae 2 0 53.2 
298 59 - 8.9 me — «BLE 
2987/ eo -h.2 J 8/- 3.4 48 
299 5.9 ras are -~ 1.6 50.3 
2997 9 - 2.6 Ope Ley * 50.0 
xC0 6.2 -~ 8.3 - = 2.3 _ 49.8 
3007/ ea! - 2.6. 8/- 1.7 50.8 
303 4.6 - 2.9 sar ‘So a1 
309 T.2 may ae as ae 52.4 
312 6.8 oe +26 58.0 
313 6.7 -11.3 - 4.9 47.0 
317 4.3 44.9 +9.6 ° - 
317A 1.9 - 5.6 - 3.8 Wh od 
304 4.o ~26.1 ~23.0 18:5 
205 4S -29.9 ~26.6 | 156k 
206 3.9 -30.7 -27.8 12.0 
i/ Oxidized 3.2 days in air at 100° Cc. 

é/ Oxidized 3.0 days in air at. 100° Cc. 


3/ Oxidized 6.0 days in air at 100° c. 

l/ Oxidized 3.9 days in air at 100° c. 

5/ Oxidized 11.2 days in air at 100° Cc. 

6/ Oxidized 19.2 days in air at 100° Cc. 

7/ Coal dried in laboratory. 

B/ Not maximm expansion. Test bulk densities were greater than 55.5 ib. 
per cu. ft., which gave positive expansions during part of the test. 
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Expansion tests were made on coals 291 to 300, inclusive, 308, 309, 312, 
and 313, and all.ccntracted at 55.5 pounds per cubic foot. Sample Nos. 298, 
€99, and 300 were” tested also after being dried. ~Comparison of the results 
obtained on air-dried and as-received coal indicate that the lower-moisture- 
coal expanded more,~ If the expansion of both samples at 55.5 pounds per 
cunic foot are calculated’ on the weight of dry'coal per cubic foot, the ex- . 
pansion of both dr’ed and undried samples is about the same%-- The differences 
are of the order of the deviation between duplicate tests. 


Pocahontas No. 3-bed coal (317) expanded 4.9 percent at 55.5 pounds per 
cubic foot, which is low for that coal. Other expansion results previously 
determined in the sole-heated oven for Pocahontas No. 3 bed coals are: 
Buckeye No. 3 mine, Wyoming County, W. Va. (No. 56), 17.8 percent, and 
Carswell mine, McDowell County, W. Va. (No. 75), 24.4 percent. The 80:20 
blend of Pocahontas No. 3 (No. 317) and Pittsburgh (m23) coals contracted 
5.6 percent. 


Plasticity of Coals 


Plastic ‘properties of 30 fresh coals, 15 oxidized coals, and 5 coal 
blends described in table 22 were determined during the fiscal year. Ex- 
cepting coals 314, 315, and 316, all samples were tested by the Gieseler 
plastometer method. The nine coals oxidized at 99. oh C., the eight Cana- 
dian coals, and the four South American coals were not tested by the Davis 
plastometer method. Two or more tests on the same sample were usually made 
by the method used. A total of 193 tests - 117 by the Gieseler method and 
76 by the Davis method - were made. 


' TABLE 22, - Description cf coals and blends tested 


Coal No. Description | | 
RBA 80 percent No. 5 Block Bed, No, 5 mine, Raleigh County, W. Va., 


and 20 percent Pocahontas No. 3 bed, "McDowell County, W. Va. 


(coal c75). | 
883 70 percent No. 5 Block bed, No. 5 mine, Raleigh County, W. Va., 
' and 30 percent Pocahontas No. 3 bed, McDowell County, W. Va. 
(coal c75). 
91 Lower Banner bed, No. 56 mine, Russell Gointy: Va. 
c9l Lower Banner bed, first right, 400 feet off 4th main, | 
agl Lower Banner bed, No. 6 room, 239 feet off lst left, moist cal 
face. 
ad75 Pocahontas No. 3 bed, McDowell County, W. Va. 
91A 80 percent coal 91 and 20 percent coal 75 + 
918 70 percent coal 91 and 30° percent coal a75. 
92 Upper Banner bed, No. 9 mine, Dickenson County, Va. 
92A 3.2 percent mover Ranner bed. (coal b91, resample 91), 36.8 percent. 
Lower Banner bed (coal a91, resample 91), and 60 percent coal 92. 
me8 Pittsburgh bed, Warden mine, Allegheny County, Pa. (washed). 
egl Thick Freeport bed, Tidvenoia mine, Allegheny County, Pa. 
292 Thick Freeport ved, Russellton mine, Allegheny County, Pa. 
293, Pittsburgh | bed, Crescent sank Washington fore Pa. 
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TABLE 22. - Description of coals and blends tested (Cont'd. | 
Cal io. so otion~—CN 
29 Pittsburgh bed, Clyde mine, Washington County, Pa. ~ _ 


295 
308 
309. 
312 
313 
314 
315 
2316 


Elkhorn bed, Republic Kentucky mine, Pike County, Ky. 

Mary Lee bed, Sayreton No. 2 mine, Jefferson County, Ala. 

Mary Lee bed, Sayreton Nos. 1 and 2 mines, Jefferson County, Ala. 
America. bed, Virginia mine, Jefferson County, Ala.- 


Mary Lee ved, Sayre mine, Jefferson County, Ala. 


"B" or Lower "Kittanning bed, Pennsylvania No. 46 mine, winburne, Pa. 
Fairview bed, Sutt Creek mine, St. Clair County, Ale. 


_ Corona bed, Corona No. 20 mine, Warrior Field, Ala. 


' Oxidized Samples. 


Stored on ‘open trays at room temperature for days indicated: 
h28-5a-ox Pittsburgh bed, Warden mine, Allegheny County, Pa. (washed), 1, 303 days. 


78 -6a-ox 
81-ha-ox 
82-ha-ox 
86-2a-ox 


McAlester bed, Bernardi mine,Pittsburg County, Okla., 1,291 days. 
- Powellton bed, Coal Mountain mine, Wyoming County, W. Va., 1,136 days. 
Fagle bed, Carbon Fuel Co. mine, “Henan County, W. Va., 1,211 days. 
Elkhorn No. 3 bed, Wheelwright mine, Floyd County, Ky., 788 days. 


156-7a-ox Raton bed, Brilliant mine, Colfax County, N. Mex., 1 364 days. 
Oxidized at 99. 3° C. for days indicated: 


m28 -1-0x 
m28-1l-ox 
m28-2-ox 
91-1-ox 
91-2-0x 
91-3 -ox 
92-1-0x 
311-1l-ox 
b310-1-0x 
28081 
28082 
28083 
28084 
28085 
28085 
28087 
28088 
310 
a310 
b310 


Pittsburgh bed, Warden mine, Allegheny County, Pa +» 36 2 days, 
small unit. 

Pittsburgh bed,. Warden mine, Allegheny County, Pa., 3.0 days. 

Pittsburgh bed, Warden mine, Allegheny County, Pa., 6.0 days. 

Lower Banner bed, No, 56 mine, Russell County, Va., 3.9 days. 

Lower Banner bed, No. 56 mine, Russell County, Va.,11.2 days. 


. Lower Banner bed, No. 56 mine, Russell County, Va., 19. 2 days. 
- Upper Banner bed, No. 9 mine, “Dickenson County, Va., 3.3 days. 


No. 9 bed, Santa "Maria mine, Naricual Coal Basin, Venezuela, 3.2 days. 
Sample 3, "asfaltita from Argentina, S. A., 3.3 days (not a true coal) 


Canadian Coals 


Phalen bed, No. 1B mine, Nova Scotia. 
Phalen bed, No. 4 mine; Nova Scotia, 
Phalen bed, No, 16. mine, Nova Scotia. 
Harbour bed, No. le mine, Nova Scotia, 
Harbour bed, No. 26 mine, Nova Scotia. 


Harbour bed, Princess mine, Nova Scotia. 


Emery bed, No. 11 mine, Nova Scotia. 
Gardiner bed, No. 25 mine, Nova Scotia. 


south American Coals 
Run-of -mine asfaltite from Argentina Cast a true coal). 


Sample No. 2,asfaltita from Argentina (not a true coal). 
Sample No. 3, asfaltita from Argentina (not a true coal). 


311 No, 9 bed, Santa Maria mine, Naricual coal basin, Venezuela. 
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' The 80:20 and 70:30 blends of high-volatile A coal 88 and low-volatile 
coal d75 showed plastic properties typical of blends of these. compositions. 
Raising the proportion oP:the.low-volatile coal’ from 20 percefit to 30 in- 
.creased the. characteristic temperatures. observed by the two: test methods, 
decreased the maximum fluidity. (Gieseler.method), and increased the maximum 
resistance’ (Davis method). ‘The. three samples from Lower Banner bed, coals 
91, c91, and- agl, taken from different points in’ the mine,’ showed airrer- 
ences in plastic “properties. Coal’ el. was most’ fluid and coal 91 least fluid; 


* £* also showed the highest maximum resistance. ‘ Characteristic temperatures 


agreed well fdr: the three coals, except. for the end of. resistance, for coal 
91 which was’ appreciably higher. _ Pocahontas. No’. 3-bed, ‘coal. (d75) showed 
plastic properties typical’ of other samples. of this low-volatile coal. tested 
earlier; a high maximum resistance of 83.4 pound-inches was.. ‘developed in the 
Davis plastometer test. Blends of this ¢oal with’ 80 and ‘70 percents of high- 
volatile coal 91 gave plastie properties typical of the proportions used, 
the 80: :20 blend being most’ fIuifd.""Coal 92 is high-volatile A bituminous in 
rank; its dry; mirneral-matter-free ‘fixed carbon ‘content: “is 67. 4 percent con- 
pared: with 62:1: ‘percent for-‘coal’ Ole It swelled strongly. in the Gieseler 

. plastometer. -test, ‘and ‘its maximum fluidity’ was ‘only half that of coal 91. 
‘The -bi-end - .coritaining’ both coals “(Sample™ 92h) gave ‘plastic ‘properties which 
‘indicate ‘that. blending improves: coking: properties. Coal m28 is a resample 


. + -of ‘the Warderi mine-and is used as a: ‘standard high- volatile A blending coal 


. inthe BM-AGA Survey of ‘American Coals. “Its plastic properties | are typical 
of a coal of this rank and agree ‘well with other Samples _ from this mine 
tested earlier. -Thée plastic properties ‘of the two high- volatile A ‘Thick 
Freeport-bed coals 291 and 29e are much alike; both coals ‘showed a maximum 
fluidity of: 12,000 dial. divisions per minute, strong swelling in the Gieseler 
test, and low: maximum resistance in the Davis test: In ‘comparison, the two 
Pittsburgh-bed coals 293 and ook of about the same ary, mineral-matter- -free 
fixed-carbon ‘content were less fluid; coal 294 was more fluid than coal 293. 

Elkhorn-bed coal 295 is a: higher- -ranking high- volatile A coal than the Thick 
. Freeport-and. Pittsburgh-bed coale.:. The higher rank’ is. reflected in’ its plas- 
tic. properties; its maximum fluidity is Tower, and 4ts characteristic, tem- 
peratures and maximum resistance values: are higher than of the lower-ranking 
coals. The three Mary Lee-bed coals. - 308, 309, and 313 - are high-ranking 
high-volatile A coals and showed.-plastic-properties characteristic of this 
rank. All showed strong swelling in the: Gieseler test;..coal ‘313 was the most 
fluid. The American-bed coal-.is medium-volatile.in-rank and ‘showed only 
moderate swelling, lower fluidity,.and-higher characteristic ‘temperatures 
and maximum resistance than-the other Alabama.coalé.: These differences would 
be expected from the relative ranks ofthe coals from the ‘two different beds. 
Coals 314, 315, and 3]6 are high-volatile A: bituminous; decreasing in rank 
in the order named. They were tested only -in the Davis plastometer and. 
showed decreasing characteristic temperatures and-decreasing maximum resist- 
ance in this same order. 


The six high-volatilé A coals that were stored on open trays at room 
temperature for the number of days indicated before testing ‘their plastic 
properties are difficult to compare directly because the rate of loss of 
carbonizing properties with oxidation differs for. individual coals. At‘the 
times indicated, coal.82-ha-ox showed strong swelling and.the highest maximur, 
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fluidity in the Gieseler test and the highest maximum resistance in the 
Davis test of the six coals. Coal h28-5a-ox showed moderate swelling and 
the other four coals little or no swelling in the Gieseler tests. Consider- 
ing the days of storage and data obtained in another investigation, the 
plastic properties opeesnge on. sg ane EORTE were none racece Setc of those 
to be expected. 3 


The nine coal samples that were oxidized at 99.3° C: for the number of 
days indicated before testing in the Gieseler plastometer 411 showed that 
oxidation had affected: their plastic properties. Reduction in swelling and 
increase in maximum fluidity, with mild oxidation of the Warden mine coal, 
suggest. that its carbonizing properties would be improved; this prediction 
is verified from data obtained on other samples of this coal. The maximum 
fluidity of Lower Banner, Upper Banner, and No. 9-bed coals was reduced by 
oxidation, whereas that of the asfaltita sample (not a true coal) increased. 
The unusually large increase, from 3,670 to 17,500 dial divisions per min- 
ute, after oxidation for 3.3 days may be partly explained by the fact that 
the coke residue left after the test had a very unusual cell structure and 
oxidation has eaves ee asphaltic material to undergo a meres Enenee 


The eight Catenin cue fron Nova Scotia were peeeieed for test from 
the Canadian Bureau of Mines. These high-volatile A bituminous coals all 
showed strong swelling in the Gieseler plastometer tests. The maximum > 
fluidity values ranged from a low of 1,450 dial divisions per minute for the 
Gardiner-bed ‘coal to a high of 10,000. dial divisions per minute for the | 
Harbour-bed, No. 12 mine, coal. Characteristic temperatures and fluidity 
values for all. eight coals indicate that, so far as plastic properties are 
concerned, all ea would make good coke. 


‘Tests of the piaseic properties of the tues asfaltita samples showed 
that samples 2 and 3 were much more :fluid than the run-of-mine sample. Sam- 
ples 2 and 3 have dry, mineral-matter-free fixed carbon contents of 54.2 — 
and 53.6 percent, respectively, compared with 68.4 percent for the run-of- 
mine sample. The latter fused very weakly; giving a fluidity of only: bed 
dial divisions per minute compared with 5,000 and 3,670 dial divisions per 
minute for samples 2 and 3, respectively. Coal 311 from Venezuela contained 
54.8 percent of dry, mineral-matter-free fixed carbon and had a heating value 
of 14,060 B.t.u. per pound on the moist, mineral-matter-free basis. This 
Toweraniing high-volatile A bituminous coal showed a maximum fluidity of only 
ec dial divisions per minute, which is characteristic of many coals of this 
low rank when they have a high oxygen content. 


Oxidizing Properties of Various Bituminous Coals 


The characteristic rate of oxidation of coal is defined as the percentage 
of oxygen by weight of the coal after the coal has consumed 1 percent of oxy- 
gen by weight; the numerical value may be expressed either on the basis of 
dry, mineral-matter-free coal or on the basis of dry coal. To determine this 
rate, the coal is subjected to oxidation at constant temperature (99.3° C.) 
in a specially designed apparatus and under defined test conditions that give 
data from which the relation between amount of oxygen consumed and time of 
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oxidation may be calculated. Two different sizes of apparatus, specially 
designed and built for controlling the oxidation of the coal at 99. 2° Cs 

are employed: (1) A 450-pound-capacity, steam-jacketed, rotary-drum unit 
and (2) a similar unit of 50-pound capacity. Both units use a controlled 
eda of air after the coal. charge has been dried in situ Marne nitrogen. 


Table 23 Sumeetese the results ‘obtained on 13 ‘coals tested during the 
year. The coals. are listed in the approximate order of decreasing rank within 
each of the two size ranges of coal tested, Coal 296 contained 11.3 percent 
ash on the dry basis, which accounts for its extremely low characteristic 
rate of oxidation, as compared with rates for the other 4 Alabama coals. 

One might expect that coal 300 would show a characteristic rate of oxidation 
between those for coals 299 and 298. The relative freshness of the 3 sam- 
ples was unknown; freshness of preparation of sample before testing is an 
important factor in the rate of oxidation. Coal DSC-2, as received, was a 
grab sample from the top bench and contained 9.2 percent ash and 2. mf percent 
sulfur... Its lower. rate of oxidation, as compared with rates for coals 292 

. and 291, which meet. the. specifications for gas and coking coals and are 
representative of. their respective mines, ‘would be expected. Duplicate 
tests on coals DSC-2. and 292 were made to determine the reproducibility of 
tests in the small drum unit; more work needs to be done to establish this 
reproducibility with certainty. | 


. Because of the growing industrial practice in recent years of using 
finer size coal in coke-oven charges, O- to 1 /8- -inch, stage-crushed charges 
were used in tests of the last five samples listed in the table. The re- 
sults obtained were as expected for coals 92, 91, m28, and 311. Close re- 
producibility of results was obtained on coal m23 by the large and small 
test units. As the name implies, sample b310 contained asphaltic material 
and is not a true coal. It contained only 53.6 percent dry, mineral-matter- 
free fixed carbon but had a heating value of 16,630 B.t.u. per pound on the 
moist, mineral-matter-free basis. Its unusual composition in respect to 
material contributing to a high treating value accounts for its relatively 
low rate of oxidation, as compared with the other four coals tested in the 
same size range. 


. The last 2 columns of.the table show the relative rates of oxidation 
of the 13 coals compared to the Pittsburgh bed, Warden mine, coal taken as 
unity. The first 8 coals are compared for the O- to 1/4-inch, stage-crushed 
size range; the last 5 aeteres for the 0- to 1/8- -inch, stage-crushed size 
range. 
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TABLE 23. - Oxidizing properties of various bituminous coals 


(Coal 296 - Mary Lee bed, Sayreton No. 1 mine, Jefferson County, Ala., run- 
of-mine coal on which float-and-sink was made, high-ash, crushed 
to approximately 68 percent. through 1/8- inch. | 

Coal 297 - Mary Lee bed, Sayreton No. 2 mine, Jefferson ‘County, Ala., washed 
coal crushed to approximately 68 percent through 1/8-inch. 

(Coal 299 - Mary Lee bed, Sayreton coarse coal, 30 percent through 1/8-inch, 
crushed to " approximately 75 percent through 1/8- inch. | 

Coal 298 - Mary Lee bed, Sayreton fine coal, 50 percent through 1/8-inch, 

crushed to approximately 75 percent through 1/8-inch. 

Coal 300 - Mary Lee bed, Sayreton average coal, 45 percent through 1/8- inch, 
crushed to approximately 75 percent through 1/8-inch. 

Coal DSC-2 - Pittsburgh bed, Shannopin mine, Green County, Pa. 

Coal 292 - Thick Freeport bed, Russellton mine, Allegheny County, Pa. 

Coal 291 - Thick Freeport bed, Indianola mine, Allegheny County, Pa. 

Coal 92 - Upper Banner bed, No. 9 mine, O- +6 1- 1/4- inch raw nut and slack 
from tipple, Dickenson County, Va. 

Coal 91 - Lower Banner bed, No. 56 mine, Russell County, Va. 

Coal m28 - Pittsburgh bed, Warden mine, Allegheny County, Pa., washed coal. 

Coal b310 - Asfaltita, sample No. 3, Argentina, S. A. (not a true coal). 


Oxidation rate 


| | Tn : 
‘Stage-crushed | Drum Characteristic oxidation | relative to 
Coal ' coal, size unit | rate; absolute values Warden mine coalt/ 


No. ‘range ewes ‘used |Dr m.m.-free coal; Dry coal iDry, m.m.-free; Dr 


296 | | 
207 | abs fos | .101 | .089 | 76 eye. 
299 | Beis ' do. -109 | 097 82 | 76 
298 | do. ' do. 126 | «110 95 | 455 
300 | de: | de, .167 1" 2148. | 1.26 11.17 
5 DSC-2 do. | dow | 140 1 126 | 1.05 99 
ar Do. , do. | Go. | 2219 ; 196 | A es 1.54 
2% 292 do. i oy | -209 eo a 2 ST 1.48 
25 Do. | do. | do. | 2275 247 2.07 1.63 
£5 291 | do. | do. 301 .275 | 2.26 1138 
=e 92 lo- to 1/8-inch' do. 121 ALO: 4 .69 67 
= 91 do. Large sh57 46> | - 89 | 88 
m3 | do. | do. 176 65 4 1.00 \1.00 
; do. Small £186, a ae ees 11.05 
7 do. | | 1.70 11.78 


solute values for O- to 1/4-inch size Pittsburgh-bed, Warden mine coal | 
° OD are 0.133 on the dry, mineral-matter-free basis and 0.127 on the dry 


rey corresponding values for 0- to 1/3- inch size are 0.176 and 
0.165 
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Low-Temperature Coke by Krupp-Lurgi Process 


Although only one low-temperature carbonization plant has been oper- 
ated commercially in the United States on bituminous coal, the problem of 
low-temperature carbonization and the utilization of the products continue 
to intrigue research workers and coal-producing companies. As a member of 
the Solid Fuels Mission-to Germany,. one'of the Bureau of Mines' staff 
visited two German commercial-size plants of Krupp-Lurgi design and pub- 
lished his observations .50/ Carbonization is conducted in rectangular 
cells 10 feet 6 inches long, and 6 feet 11 inches high, with an average 
width cf 3-1/2 inches. To facilitate removal of the product, the cells 
are 3 inches wide at the top and 4 inches at the bottom. Gases are recir- 
culated to heat the charge. These gases enter the oven at about 620° c. 
'and have a velocity so that the exit gases are not mcre than 50° cooler 
than the entering gases. The time for a complete cycle jn the Krupp-Lurgi 
plant averages between 5 hours 20 minutes and 6 hours. The ovens were 
equipped for byproduct recovery. The low-temperature coke was used in loco- 
motives as a gas generator fuel in stationary Diesel plants, for the produc- 
tion of synthesis gas for. synthetic liquid fuels. The 3/4-inch to 1-1/2-inch 
size made an excellent fuel fcr ordinary household stoves. The author con- 
cluded his report with; | | : i 


It should be kept in mind, when considering the economic practica- 
bility of the low-temperature carbonization process, that it pro- 
duces a better domestic fuel than high-volatile bituminous coal, 
and that this better fuel ccsts more per B.t.u. than the raw ma- 
terial from which it was made. This increase in cost per B.t.u. 
depends on the size of the plant, the local conditions, and the 
quality of the coal. All these factors can vary through a con- 
siderable range. | 


. ‘ \ 
Carbonization of Elkhorn No. 3-Bed Coal 


An investigation of Elkhorn No. 3-beda31/ coal from Wheelwright mine, 
Floyd County, Ky., showed this coal to be of high-volatile A rank, low in 
ash and sulfur, and suitable for gas making. Its coke was fissured exces- 
Sively, but stronger coke was obtained from blends containing 20 and 30 
percent Pocahontas No. 3 coal. The carbonization sample contracted 7.4 
percent at a charge density of 51.92 pounds per cubic foot; expansion tests 
indicated that blends containing as much as 30 percent Pocahontas No. 3 coal 
may be carbonized without damage to byproduct ovens. The characteristic 
oxidation rate of Elkhorn No. 3 coal was about twice that of Pittsburgh-bed 
coal. 


Schmidt, L. D., Low-Temperature Coke by the Krupp. Lurgi Process: 
Bureau of Mines Inf. Cire. 7395, 1947, 18 pp. 
51/ See footnote 47, page 61. 
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carbons Proper Utes or Western Coals 


“Th an investigation of the properties of western sotiaseks me coals 
from 7 Western States were subjected to carbonization or related tests. 
These coals were classified by States as follows: California, 2; Colorado, 
24; New Mexico, 12; Texas, 2; Utah, 39; Washington, 5; and Wyoming, 23. 

They ranged in rank from subbituminous C through high-volatile A bituminous, 
although a major proportion were bituminous coals. The high-volatile A coals 
generally contained more volatile matter and oxygen than eastern coals of 
similar rank; consequently, their coking properties were inferior. The 
correlation of agglutinating value with coking propensity was more satis- 
factory for these western coals than for Appalachian coals. Many samples 

did not fuse in Glieseler and Davis plastometer tests at the normal heating 
rate of 3° C. per minute. Generally, the yields of gas were high and those 
of coke low. a oe : | | 


‘Two California coals that outcrop in the Eel River district were of 
subbituminous rank and gave low yielda of noncaherent char and high yields 
of gas at 950° C. The composition of Colorado coals varied greatly. Twenty- 
two ranked as high-volatile bituminous, but 12 of these were low in that 
classification and coked weakly. Frederick coal from the Trinidad district 
was the only Colorado coal fusing in plastometer tests, and it had the high- 
est agglutinating value (8.5 kilograms) of any western coal tested. It 
yielded well-fused coke that was stranger than the average coke from eastern 
high-volatile A coals. Oliver and Hawks Nest mine ccals from Gunnison County 
coke less strongly than Lower Sunnyside coal from the Columbia mine in Carbon 
~ County. Thirteen core-drill samples from the Paonia district, Gunnison 
County, yielded either noncoherent char or friable coke. 53/ Bight New Mexico 
coals were of high-volatile A rank, and four were high-volatile C coals. 
Three Raton-bed coals from Colfax County that had agglutinating and plasti¢ 
properties characteristic of high-volatile coking coals, yielded abradable 
coke. Two Gallup district coals were noncoking. Miller Gulch- and Lamb- 
mine coals from Santa Fe County coked as strongly as Lower Sunnyside (Utah) © 
coal, and Jones mine coal from the same county coked even more strongly. 
One sample from Socorro County coked weakly. Two high-volatile coals from 
Texas were almost nonagglutinating and moncoking. Thirty-six, or all but e, 
Utah coals were of bituminous rank. Upper and Lower Sunnyside-bed coals 
from the Horse Canyon and Sunnyside mines yielded coke similar to that from 
Columbia mine coal, the coking properties of which are well-known. Columbia 
mine coal was carbonized at bulk densities of 50.9, 52. 6, 56.1, and 59.3 
pounds per cubic foot, neither the ‘yields of products nor the coke strength 
being affected significantly by the variation in density. Blending Sunnyside 
mine coal with 10 percent low-temperature char strengthened the coke slightly. 
Bear Canyon and Blind Canyon coals from Emery County coked weakly and yielded 
large volumes of gas. Six core- -drill samples from Sanpete County coked less 
strongly than Lower Sunnyside coal. No. 6- and Roslyn No. 5-bed coals from 
Kittitas County, Wash., were strongly agglutinating and yielded well-fused 
coke that were rather abradable because they contained appreciable proportions 


50/ See footnote L7, page 61. . ; 


53/ See footnote 14, page 2¢@. 
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of ash. The 23 samples from Wyoming included bituminous and subbituminous 
coals, most of which were noncoking. BM-AGA tests were made only on Lincoln 
County coals; 2 samples represented the Gomer mine and 5 were core-drilled. 
The cokes from the drilled samples had satisfactory shatter indexes but were 
/ more abradable than coke from Lower Sunnyside (Utah) coal. 


Carbonization: of Velva Lignite and Monarch Coal 


Velva lignite from Ward County, N. Dak., and Monarch coal from Sheridan 
County, -Wyo.,34/ were carbonized by the BM-AGA method at 500°, 600°, 700°, 
800°, and 900° C. Generally, the yields of. char, tar, and light oil were 
low; and the yields of gas and liquor were high. Predrying caused the lig- 
nite to devolatilize more completely when carbonized at temperatures atove 
500° C. Both samples yielded noncoherent char, with size degradation occur- 
ring largely below 500° c. The gases had the high specific gravity and low 
heating values characteristic of gas from low-rank coals. 


- Improvement of Methods for Testing Physical Properties of Coke 


Existing methods for testing coke are inadequate. Coke producers have 
great difficulty in selecting the better of two coals for coking purposes if 
they are similar, and coke. consumers are in a similar position because 
methods for closely measuring the physical propertiés of coke are not in 
existence. : HS Og | 


‘Investigations are underway at the Southern Experiment Station, Tusca- 
loosa, Ala., to determine the size of coke sample necessary to obtain physi- 
cal test data of any desired or specified precision and to improve the 
precision and utility of tests measuring the resistance of coke to breakage 
' by shattering or impact forces. A mechanized shatter machine, the impact 
drum, has been developed and preliminary testing is almost complete. Pre- 
liminary studies indicate that the mechanized shatter will be more precise 
than the hand-operated apparatus. They also indicate that mechanization of 
the apparatus will make practical the development cf a testing procedure 
which will allow the prediction of the amount of breakage a coke will suffer 
under any given set of handling shocks. 


Large-Scale Coking Investigations 


A model coke oven, having a capacity of 800 pounds of.coal per charge, 
and the necessary auxiliary equipment are in process of installation at the 
southern Experiment Station at Tuscaloosa, Ala. The oven chamber is of full 
width (17 inches), so that it can be used to study the effect of scale fac- 
tors in smaller carbonizing apparatus. After the model oven has been sub- 
jected to correlation tests with full-scale byproducts ovens, it will be used 
for investigations of the effect of carbonizing conditions on the quality of 
coke and for studies of the coking properties of coals available to southern 
coke producers. 


Reynolds, D..A., Davis, J. D., Ode, Ws. H., Wolfson, D. E., and Birge, 
G. W., Carbonizing Properties of Velva Lignite from Ward County, N. 
Dak., and Monarch Coal from Sheridan €ounty, Wyo.; Bureau of Mines 
Tech. Paper 695, 1946, 41 pp. 
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Fuel Industry of Japan _- Low-Temperature Carbonization 


Between March and Sertember 1946 a field survey was made of the commer- 
cial low-temperature carbonization processes used in Japan before and during 
the war. Tne results of this investigation were presented at the spring 
meeting of the American Society of Mechanical ee in Tulsa, Okla., 
March 2-5, 1947, and were recently abstracted.22 ; 


Although water power was an important source of energy in Japan before 
the war, a considerable part of the 66,000,000 metric tons of coal mined 
annually was used for generating steam for power and process industries. A 
large amount also was used for manufaeturing metallurgical coke; and although 
most of the low-volatile bituminous eoal required for blending was at one 
time imported from north China and Manchuria, Japanese engineers ultimately 
developed two low-temperature carbonization processes for making a semicoke 
that suited their blending requirements satisfactorily. 


Some of the low-temperature carbonization plants were operated primarily 
as a source of liquid fuel. Although Japan had a few Bergius and Fischer- 
Tropsch plants in operation, they were not very successful; but the -low- 
temperature carbonization processes were satisfactory from the start and 
produced seven times as much liquid fuel as was produced by the synthetic 
liquid-fuel plants that were in operation. The plants that operated most 
sucasssfully were of German design and consisted of both Lurgi and continu- 
ous vertical Koppers units. 


The chemical utilization of coal in Japan was primarily for the produc- 
tion of ammonia, and the gasification methods used for producing the necessary 
synthesis gas were developed largely along conventional lines. The principal 
source of gas was the Otto-design water-gas set, although Winkler and Flag 
gas generators also were used to some extent. 


Small-scale eget carbonization plants were used to recover 
coal tar from high-ash waste coals; it was used directly as a lubricant for 
mine-car wheels and the pulleys of cable-haulage equipment. Needless to say, 
—— lubricating value was very low, which made it useless for highly loaded 

earings, 


. Very little coal was used in Japan as a domestic fuel, coking and heat- 
ing being done with small braziers in-which semicoke or briquets of semicoke 
ond lime were burned. 


During the war, when gasoline was not obtainable for civilian use, the 
Japanese used a number of portable gas producers for their vehicles. Again, 
semicoke was the main source of fuel, since charcoal was very scarce; and 
although the ash frequently was as high as 30 percent, necessitating frequent 
cleaning of the fuel bed, the vehicles gave staisfactory performance. 


The Fuel Industry of Japan: 
pea "1947, po. 41-42. 


Combustion, vol. 1c, ae 
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Gases from Carbonization Tests 
The large number and varied rank of coals carbonized in the BM-AGA Sur- 
vey of American Coals since 1929 afford abundant data for correlating proper- 
ties of coal with those of carbonization products. From correlation of the 
yields and characteristics of gases90/ obtained from 79 coals at 900° Cc Ce; 
the following conclusions were drawn: 


1. Yields of gas from low-, medium-, and high-volatile A coals vary 
with rank of coal on a percentage-by-weight bit not on a volume basis. 


2. The rank of coal indicates the physical and chemical properties 
of gas from low-, medium-, and high-volatile A coals: (a) Specific gravity 
increases with decrease in rank, (b) heating value increases with decrease 
in rank, and (c) chemical composition changes with decrease in rank - carbon 
dioxide, illuminants, carbon monoxide, methane, and ethane increase while 
hydrogen decreases. 


3. The rank of coal is unrelated to the hydrogen sulfide content of 
the gas. 


High-B.t.u. Gas from Solid Fuels 


In a statement prepared for the natural-gas studies of the Federal Power 
Commission, the ufacture of high-B.t.u. gas from solid fuels was considered 
in some detail. 2l/ It was pointed out that exhaustion of petroleums and 
natural-gas reserves with time and the ever-possible threat of war clearly 
dictate a national reserach and development policy looking to the realization 
of suitable processes for the manufacture of high-B.t.u. gases from solid 
fuels at levels economically attainable. The paper summarizes very briefly 
cognate British and European develcpments, including the synthesis of methane, 
the direct hydrogenation of coal or coke to a high-B.t.u. gas, and the direct 
manufacture of a high-B.t.u. gas in a steam-oxygen pressure producer. The 
paper concludes with the following recommendations: 


To implement a policy looking to the manufacture of high-B.t.u. 
gas from solid fuels, the Barner topics are suggested for research 
and development: 


(1) The conversion of low-cost, caking American coals into 
noncaking fuels suitatle for water-gas production. This 
conversion must be made by processes showing high cara- 
cities and low investment and low operating costs. 


56/ Wolfson, D. E., and Reynolds, D. A., Yields and Properties of Gases 


from BM-AGA Carbonization Tests at 900° C.: Bureau of Mines Tech. 
Paper 693, 1946, 12 pp. : 

pie) Huff, W. J., The Manufacture of High-B.t.u. Gas from Solid Fuels: 
Federal Power Commission, Natural Gas Investigations Docket G580, 
Hearings 8, ppv. 9618- 96h1, June 19, 1946; pp. 9908-9924, June 21, 1946. 
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(2) The development of water-g4s processes of the high-capacity, 
low-velocity tyne capable of handling light, small fuels. 


As subdivisions under this topic are’ the examination of 
(a) continuous oxygen produrers’ and (b) continuous pro- 
ducers of the revolving gas type. Soa 


(3) The conversion of blue water gas to a high-B.t.u. methane 
containing gas in (a) the oxygen-pressure producer; (b) 
the catalytic synthesis of methane; (c) the direct-pres- 
sure hydrogenation cf solid fuels. °° °° | 


Of these the first, (ay, appears to warrant priority. | 
Gasit ication of ss AL Anthracite 


In cooperation with the Anthracite Institute, who financed the tests, 
which were planned by the Division of Fuel Technology, The Pennsylvania State 
College, a study was made on the gasification of Buckwheat No. 2 oY etn and 
Buckwheat No. 3 (Barley) sizes of anthracite by means of oxygen.2 
tests were conducted at Trail, British Columbia, in the plant of the Con- 
solidated Mining & Smelting Co. of Canada, Ltd., during September 1947. 


Six cars of Pennyslvania anthracite were gasified, and‘ the test pro- 
cedure followed was substantially the A.S.M.E. Test, Code for. Gas Producers. 


It was found that synthesis gas can be produced from these two sizes of 
anthracite ae oe eee Ine ccs i ae in percent: 


Conetituent: Buckwheat No. 2 ‘Buches’ No. 3 
C02 | : 6.50 ne vad ; 
(on) | ‘a5 _ .20 
Ho ss 00 S " 3is0> 
CO 40.00 — 4e.ho 
CH) . _ ,. ; et 


\ - 1.50 680 


2/ Wright, C. C., and Newman, L.-L.,; The Oxygen Gasification of Anthracite 
in the Wellman-Galusha Producer: Presented at Joint Conference of 
the Production and Chemical Committees. of the American Gas Associa- 
tion, New York, June - 4, ‘1947. Abridged in Chem. and Met. Eng. -, June 


| 1947’ 
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The salient operating figures are given below: 


‘Buckwheat No. 2°° ~§ Buckwheat No. 3 


Duration of test ee oF le 
Fuel, as fired ...-.sesesececeroeeeelb. 69,280 = 15,919 
Gas arodiiced aie eee waeeaeueM CU. Fie. °°" 2,907 =" - 614 
Fuel gasified ..........1b./hr./sq. ft. 33 | 17 
Fuel gasified ...e.0-. +-se0++-elb./hr, 2,771 5335 
Gas per 1b. fuel Ses ce eee ee sae Cie ft. .. “W3.i - 38. 6 
Fuel per M. Cu. ft. gas eo hes ae ee se lb. 1 Meg ge e 25.8 
Op per M cu. ft. gaS'se-ece wee eCUs ft. = 201 | | 220 
02 per dbs fuel - iecadee ere, tees eesdes: * “Gx66" ~ | 8.73 
Steam used per lb. fuel ........-e.slb. 1.40 1.38 
Steam used per M-cu. Pt. gaS w.veee.d0o.’ ~ 32.5 } 35.6 
Steam decomposed per lb. fuel ......do. 0.73 0.58 
Carbon in dry refuse..s......se. percent... 2.6.7... 3.0 
Gasification efficiency ......+.....do. 82.39 _ 76.8 
Gross heating Value Of ZaS eeeveseeeees Ge a 
B.t.us per cu. ft. =: 271 | 266 | 


“iG asaderatie snpornation was obtained relative to enerobine Fechalane, 
particularly with respect to the importance of maintaining uniform speed of 
rotation of the grate to maintain uniform fire conditions. As was‘ expected, 
the depth of the fire zone was very thin when the Buckwheat No. 3 anthracite 
was used, with ‘the result’ ‘that the clinker was denser, and difficulty was 
; ‘experienced with the fire reaching the’ grate even when it operated at the 
slowest rates of rotation. 


c : 


‘ Gasification of Subbituminous: Coal aaa Lignite 


Research and. development work on gasification of. lignite and subbitumi- 
nous coal in externally heated retorts was continued in the small pilot plant 
at Golden, Colo., and in the large pilot plant at Grand Forks, N. Dak. In- 
proved coai-hand line facilities were installed in the large plant. After one 
test in this plant it was observed that the welded seams in the Pluramelt 
alloy retort had failed. Examination ‘revealed that the welds contained cnly 
20.9 percent chromium, which was insufficient to withstand the operating 
temperatures of 1,900° to 2,000° F, The allcy retort was repaired and mde 
ready to operate, but no further tests were completed in the large plant 
during the year because of limited personnel and funds. 


At Golden, Colo., several tests were made in the small plant to deter- 
mine the optimim width of the annular reaction zone. A summary report of 
investigations39/ wes published which described the development of the large 
plant and all experimental data obtained thereon, with results of work done 
on the small pilot plant. during 1945 - 46 ..- aeGanieenes 2 sin Sauk 


Parry, V. F., Gernes, D. Cy, Wagner, E. O., odman, J. B., and Koth, 
' A. W., Gasification of Lignite and Subbituminous Coal, Progress Report 
for 1945-46; Bureau of Mines Rept. of Investigations "y128, 1947 « 
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Figure 37. - Mechanism of gasification of natural lignite in 
externally heated annular retort. 
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Natural sub-bituminous coal 
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Figure 38. - Mechanism of gasification of natural subbituminous 
coal in externally heated annular retort. 
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The probable. mechanism of. gasification of -lignite and subbituminous 
coal in the externally heated annular retort varying amounts of steam is. 
illustrated in figures 37 and 38 which show the theoretical balance of ma- 
terials when 100 pcunds of natural eval is passed through the retcrt while 
converting 80 percent cf the carbon to gas. Ceal entering the upper annulus 
moves ctownward continually into hctter zcnes.- The products of thermal de- 
compesition (water, tar, gas, and char) form in the upper section and move 
into the reaction zone, where they combine te form water gas. The char not 
consumed moves into the lower annulus, where it reacts with steam moving ur- 
ward toward the common central gas offtake. The varicus grades of gas illus- 
trated in figure 39 can be made by changing the temperature and steam flow. 
In order to make gases having ‘Low Hg:CO ratios, the concentration of steam 


must be low and the temperature relatively high. Tt has been found that 


1<900- F, in, the combustion zone to make water gases having Ho: co ratios 
ct 1.982, 2. Rcueass temperatures produce gases having hi gher uo CO ratios. 


| Sine: tile year several coals were gasified in the smal]. niet plant, 
and natural lignite was gasified at low ‘temperatures in the large nilot 
plant. Table 24 summarizes the results cf two tests at Golden on subbitumi- 
nous coal. The heat balance of run 15 in the small pilot ylant at Golden 
is illustratéd in figure 40. It should be noted that runs 15A and 15B check 
quite well with the theoretical data illustratéd in figure 38, and that the 
maximum temperatures: developed in the combustion zone are in the range of 


1,802° to 1,815° F. 


The heat balance obtained during ‘run ‘4H on the large pilot plant at 
Grand Forks, when ‘gas having a4 Ho:CO ratio of 3.29 was made, is illustrated 
in figure 4. The analysis-of the gas from this run ts in fair agreement 
with the theoretical data cf figure 39, except that the illuminants and 
methane are lower. The small pilot ulant (shown in fig. 40) has a 1.75-inch 
annulus, whereas the large pilct plant’ has a 3-inch annulus. It should be 
noted that a maximum temperature of 1,815° F. in the combustion zone outside 
the annulus was required to make a lew-Ho:CO ratio gas in the small pilot 
clant, while a higher temperature was required to make a similar gas in the 
large” plant because of the increased width of the annulus. 

A sample of Sabo iuniacus + A coal from Byderabad-) Deccan, India, was gasi- 
fied in the small plant with results given in table 25, and the results of 
low-temperature experimentation on natural lignite in the large plant are 
given in table 26. The analyses of the coals gasified during the several 
tests herein reported are given in table eT, and the analyses of the gases 
made are given in table 28. 
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TABLE 24. - Summary data on gasification of Colorado subbituminous B 
ccal in the Gorden. Colo. y pilot plant 


RUN AND PERIOD NUMBER (TY) 13-A | 13-0 1) 15-A | 15-C 
Date, September 1946 (2); 10-11} 15 11-12 | 13-14 
Duret Lon. 2508 sd Ce See ie- eeeeeee hours (3) ou 12 ! ek 15 

COAL CHARGED ......«.e-+.s-- 1b. per hour (5), 92 | 93 | 65.6 | 101.5 

Moisture as charged ........... percent (6) 22.8 | 22.6 | 22.1 23.6 
ASH OS Charged o.2sGivascricmeeeese GG. (7)) 9.6 5.6 | 5.6 5.5 
Gasif led gseavealscetecsawkdls ees pd0s. (8) 0219 4 -80ee. 8620 | 771.8 

Ceal. per .Mef Of 2asi-s 64 swwaisis ee sew Os (9)| 32.6 | 32.4 | 30.0 | 34.6 

— etdhe nen ect fe tate des AO | 
11 | 13.¢ 16.0 | oO. ° 

sec eceeeoencceeegee (12)} 9.7 | 13.1 | 8.0 6.0 

Dust with gaS .e.esesees rege wede  eetees, (151. bet : (1.0 6 2.8 

Ash ‘in total residue eee eee percent (14)! 25.4 | 23.1 | 46.5 | 20.7 

GAS MADE SGC ..«..cece. meme “Mef per ton | 63. -60! 66.77 | 57-73 
Mel per Hour gconbietandes sod cone sie Pq)’ 2201 2 .87 | 2.19 | 2.53 
B.t.u. per cu. ft. observed, gross a (18) | 309 | 308 ; 299 288 
'B.t.u. per cu. ft. calculated, net .... (19); 278 | 276 |. 267 1° 257 
Specific gravity, calculated .......... (20)} 523 |.522 : 522 | Shh 
Ratio Hp:CO sseseseree, iy era er ere ie (42,01 12,06 | 2.64 

STEAM USED ....... wesaees +e- 1b. per hour (23); — an | 
With coal ..ccccecece stadia ete ae sea he telson’ (24); 40.6 | 40.6 1 20 | Lo 
In char zone ....eee-eee pai ahconh adie testy (25) | 35.2 | 35.2 139 | 60 


Undecomposed steam a 1b. per Mcf, (26) 


HEATING SYSTEM DATA 4 - oa 
Net B.t.u. used ver cu. ft. gas made ., (29) W1 sit 


| LLL 4158. ; 124 
Heat released ..... M B.t. u. per cueft. (30) ; 22.3 ; 22.2 ee 19.8 
Make gas used .........,.. Mcf per-hour (31).|. 1.47; 1.47] 1.307 1.41 
CO> in ‘Poc ae Se Aves a 6@ece sew, percent (32): 16. 0 [16.7 nd19.2* 415.2: 
Primary air .......¢-+.e+, Mcef per hour (33) |. 3.72 | 3.74 | 3.02, hol 
Poc recirculated. Pimiecramtne coed) 5.23 | 5.54 } 6.34 | 7.20 
fe 


TEMPERATURES ..ceccecccccececcs re ae 
Average combustion chamber .......ese0¢ 57) 1,745 1,745 11,635 | py DoD 
Bottom of comb. chamber No. 1 ...e.eee. (38) {2,000 {1,905 '1,815 11,710 
Middle of comb. chamber No. 2 ........ . (39) 11,895 [2 905 11,775 | 1,805 
Top of comb. chamber No. 3 ..:...-5-00- (40) 11,565 (1,610 '1,485 | 1,460 
Outlet from comb. chamber'No. ‘4 . » (41) : 5515 1,565 {1,470 11,390 
Inlet to fan BY coamacas (x2) | 915 | 970! 975! 890 
Air and Poc to recuperator Te tetee acai » (43) | 495 ' 530 | 575 505 
Air and Poc to furnace Or ers ima (44) }1,200 11,245 11,265 11,010 
Gas leaving retort 2 eae (45) ” BLS 865 ; 805! 805 
Stack 5a wees (46) 775 | 820! 815 | 750 
Gas. junction: in: furnace. ¢.ceséandseswes (47) 11,435 )1,450 11,485 1,415 
Char zone opposite lower burners ...... (44) 11,315 {1,285 |1,360 11,395 

(49) | | | | 
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TABLE 25. - Summary data on gasification of subbituminous A coal from 
Hyderabad-Deccan, India, in Golden, Colo.,pilot plant 


RUN AND PERIOD NUMBER TT) een Deep | s-G- aeeD 
Date, September 1946 - (2) | 38 17 «| 17-18) 18 
DURACION. 254555. orn eee ad ce een oes, OUTS 13) 9 12: | .14 2 

| 7 ene CS es eee ree 3 

COAL CHARGED ..seceescceeeee Ib. per hour: (5):° 39 105 109 | .200 
Moisture as ceeters sa teee eee percent (6) . 11.9 | 12.0 |. 12.4 12.4 
Ashvas charged <seudecccas cos eee do. (7) 16.3 | 16.3 |.16.2 } 16.2 
CasiTled wc ci sas uhascrmdasages sees dos. 9(0))- B60. | Slat ioe | 3426 
Coal per Mcf Of aS .o.eseceseeeves 1Ds ne 25.8 | bL.3.| 45.6 1.70.9 

7 © 0) see : | | 

DRY RESIDUE + 03064 es - Ib. Soruour t1)]° 9.7 7.6 9-6.) 211s2 
Char out of DOttom cesecssscceesccarces, (12)} 8.7 7 bOL7 140.5 83.8 
DUSt With 66. sg 5guves. Gh yss weeds pects (1o)e * ei oe ee 7 
Ash in total residue ......... . percent (14)| 61.5 |. 36.6. 

| ee ee IS) e _ 

GAS MADE SGC .....ctsveseeees Me? per ton (16)| 77.04] 45.05; 43.91! 28.16 
Mef per hour .....e... jicmeiiees este Cae sok) e387 2.39. 2 82 
B.t.u. per-cu. ft. observed: gross Mus (18) | 239 308 | .305 | 
B.t.u. per cu. ft. calculated, net .... (19) | 257 | 275 |. 272 | 286 


specific gravity, Calculated .... cee (20') |’ 504 - '.509 2509 514 


Ratio Ho. CO: oi-te5- sesenae eure sad jsebeeakt (el) 2s50 Testy Lo 3.17 
7 | (22) | | as 
STEAM USED eae oe per chour -(23) ; . _ 
Wi Gl. COAM, a lryniibenene's seamninanecarn clout ae coe (2) '48.5°| 6H | 6h.W. | 50. 
In char zone ....... a aaa eerste ee CeO) | S922") 50.0" 50.0 | 00. 
Undecomposed steam .....+;. lb. per Mcf (26) | 27.6 | 25.2 |... «| 25. 
| | (ef). 3 | fs 
FEATING-SYSTEM DATA Pe eo rr reer eae 
Net B.t.u. used per cu. ft. gas made .. (29}' 204 172 | 169! 169 
Heat released .... MB.t.us per cu. ft. (30) | 16.85" 22.24| 22.00 | 26.10 
Make gas used ...e+e.vseee Mf per hour (31) {} 21.20] 1.48! 1.48 | - 1.67 
COSI POC. awine de. eee wesw anes percent. (32) | 15.9 rey 
Primery G1y sd bvoeate + de - Mcf per hour ie » - . 3 i 4,53 
Poc recirculated .......6. ere | | | 4.63 


THEREATURES OTT seeecees OF. (36) 7° 
Average combustion enenbor ee ee ae | [1,775 1,810 {1,810 
Bottom of comb. chamber No. 1 .....e-e- (33) .,1,9101 1,995 42,025 
Middle of comb. chamber No. 2 .....0:.. °(39)’ 112915 1,985 |1,965 
Top of comb. chamber No. 3 ....eee-5 (40) [1,710 1,675} 1,645 
Outlet from comb. chambér No. & ....... (42) 11,5707 1 "585 11,605 
Inlet to fan 5 seccese (42) | 960 970 11,010 
Air and Poc to recuperator. 7 sese-e- (43) 4°°575 525 | 465 
Air and Poc to furnace Oe Seon 2 (ub y-44,.230 1,260 11,330 
Gas leaving’ retort 12 secieest: (45): 1° 990 985 940 
Stack | © esau nee oe - 840 


Gas junction in. PE DECe eee eee ee 
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TABLE 26. - Summary data on gasification of Dakota Star Lignite 
Oo in the Grand Forks, N.Dak.,pilot plant 


RUN AND PERIOD NUMBER 
Date, December 1946 


Dura CIO: vevassece sana ceaeawdcad NOUFS + 
COAL CHARGED .ccccocesscece lb. per hour 
Moisture as charged .......e-e.+. percent 
ASH Ge -CHArSe: svar oC sGwediaGecau: O¥, 3 
GOSITLE: 2h ds iene. Swans 6 ce Oa we ees do. 
Coal per Mcf of gaS .....csceoeeees lb. 


DRY RESIDUE TERRES ib. per hour ( 
Char out of bottom ..i.c.ccccccccccaces 


Blown over at gas offtake berate ss even uae a ace 
Dust with gaS ...c.ees be idee bine eesseaears oe 
Ash in total residue cee percent _ 

GAS MADE SGC c.cscseccccseces Met ‘per ton (17 
Mcf per hour Se (aes ee-eoeree erecvresreseorce e- ( : 


B.t.u. per cu. ft. observed, wHoeG eae 
B.t.u. per cu. ft. calculated, Nev wees 


Specific gravity, calculated ea aula de ‘ais 
mabre Ho: CO exeeer04¢en ee c8e0e8 sersece Jad XX 
SHAN USED aR lb. per. hour. 
With coal s.ccecececoece steers senenees 
In CHA 2ONeC. %gsas8 we ecewes Fo oe we oe 


Undecomposed STEAM .eeeeeee lb. per Mof 


HEATING. SYSTEM DATA 
Net B.t.u. used per cu. ft. gas Gdee oe 
Heat released ovaae: M: Be t. ue. per cu.ft. 


Make €8S USed .ecrccscecece Mcf per hour 
COd In POC ce ceeeeoecvecooeeeee percent 
PYAMAry GLl -sjewoiswewea-a see Mcf per hour. 
POC Tecirculated: ack sors cinatesewee s do. 
TEMPERATURES. 5.6026 6 a0: 6250/6 #4'ein we ose OF . 
Average combustion chamber ..,.e.eeeee be 
Bottom of comb. chamber No. 1 ........ rt 
Middle of comb. chamber No. 2 ......00¢6 
Top of comb. chamber No. Bee teceacerecens: 
Outlet from comb. chamber No. 4 .......6 
Inlet to fan © D iS eve’ 
Air and Poc to recuperator 7 ...eseses- 
Air and Poc to furnace - 3 ..eseee ne 
Gas leaving retort | 12. wetebaipseiene 
Stack | DE, saeesaes re 
Steam Co: Char Zone: 4.4% ds 6584s beers 4 
DLCeM WIth CORdL: sos case Meet oe eae 
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TABLE 28. - Analyses of gases from Colorado subbituminous B coal, 


subbituminous A coal from Hyderabad- “Deccan India 
/ and North Dakota lignite 


Specific:|  . Gross 

Run | gravity |B.t.u. per cu. 

and pedyeis percent ' ‘l (air = 1.0)i TEs: 
period| C02 |I11.2//05 | CO | Ho Calc. 
13-A | 12.2[ 0.4 10.0/28.2155.6[3.3 | 0.0]0-3"] 0.523 [309 307 
13-C | 12.5] 43 | .0/27.8/56.0]3.3] 0) «2 522 | 307 307 
OAK. aay xs -0|27 3 |56.4/2.9 O} 5] : 521. || 207 ' 300 
S-0° Page) 2b i.e 24-6570 2,81 20%. 46 | 545 288 287 
Wh-A} 13.4] 3.2 | -'.0125:1/59.2/1.8 a 3 505: |289 |: 292 
W4-B | 13.41 .6 |] .0123.8158.5 30) ee Uirekk 516 -| 308 310 
W4-c | 13.3] -6 | -0/23.9158.3]3.0] .3| -6:| . 509: |305 309 
T4-D | 15.3} -9 | .-0/20.9)58.4)4.3 | 0) .2 | 515 314 
i | et! <5 
5-A 23.6 2 1 ee 61.3;2.4 6) a Shh”. Lars : 273 
5-B 24 .8 2 | .0| 8.6161.613.2| 611.0 | 542 266 | ee 
5-C 25.4 <2’ 4901 .8.6162.01253'] 46) JF. 545. | 257 265 
5-D | 23.6 1s Olle O1eOc T1363 1 S| oS | ' 548 . 1270 272 
- Runs 13-A, 13-C, 15-A and 15-C made on Colorado subbituminous B coal - 


Golden pilot plant: runs 14-A, 14-B, .14-C and 14-D made on subbitu+ 
minous A coal from Hyderabad- Deccan, India - Golden pilot plant, 
runs 5-A, 5-B, 5-C and 2 -D made on North Dakota lignite - Grand 3 
Forks pilot plant’. ae 

2/ Tlluminants as Co ,9H5.,6- 


The development of the annular retort had -required many changes in the 
pilot plants to find the best arrangement of thé reaction zone and to deter- 
mine the optimum width of the annulus. Much of this work has been done with 
mild-steel retorts because it was necessary to make changes to study: new. con- 
ditions. It is now indicated that the best arrangement of’ the retort assem- 
bly for the large plant is that illustrated in figure 42, which incorporates 
suitable alloy parts throughout. Materials to fabricate this: assembly were 
ordered during 1947 and will be installed and tested during 1948. A cast- 
alloy retort having a 3/4-inch wall thickness and a composition of 25 per- 
cent chromium and 20 percent nickel has been procured for testing. The inner 
retort parts will be made of type 430 alloy having about 17 percent chromiun, 
and the recuperator will be fabricated from type es alloy. pone iaaae 25 per- 
cent chromium and le percent nickel. , 


During the year it was Aaoasenetod in the mall pilot plant ‘that heat- 
ing the retort to a maximum temperature of 1,900° F. resulted in a heat 
transfer of approximately 6,000 B.t.u. per hour per square foot and a pro- 
duction cf 60 cubic feet of (CO + Ho) per hour per square foot. This: impor- 
tant demonstration clearly indicates that the cast: of the alloy for 10,000 
hours of service will be about 1 cent. per thousand. cubic feet of (CO + Ey) 
or approximately one-fourth the cost of eRESS peared to make the same 
quantity of gas. 
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Figure 42. - Proposed arrangement of retort assembly for Grand Forks, 


Underground Gas ification | 


ine Bureau of Mines and ‘the Alabama Power Co. cooperated in an experi- 
ment in gasifving coal ain place underground, at Go rgas, Walxer County, 
Ala. 60,61/ The obiectives of this exceriment were to determine whether 
combustion of cecal in the bed could be maintained and controlled, whether 
the coal could be completely gasified, what effect the fire outa have on 
the coal bed and the cverlying strata, and the yield and quality of gas that 
could be obtained. 


A nortion of the Pratt coal bed whi ch outcropped on three sides of an 
irregular shaved hill was isolated by a cut throw gh the hill and ccal bed on 
the fourth side. The development of a U-shaped exverimental mine in the 35- 
inch-thick isolated portion of the bed was begun in November 19/5, and on 
January 21, 1947, the mine was, ignited with thermite bombs. . 


The direction of flow of air and BAS in the mine was reversed periodi- 
cally to provide uniform burning of the coal in the pillar between the en- 
tries. Tests were made with air, oxygen-enriched atr, ai r-oxygen-steam, 

Pu ycetic steam, and steam alone during the 50- day period of forced ore e 
cof the ccai. . 


The quality of the gas produced was affected by the cuyeed condit: ons 
at Gorgas. For a burning face as long as that used, the air fiow, which was 
limited by the size of blower used, should have been greater. This would 
have resulted in a higher rate of combustion, a longer hot zone, and better- 
quality gas. During a considerable period of-fairly stable operation with 
air blast, the heating value of the gas averaged 46.8 B.t.u. per cu. ft. 
Heating value cf the gas in short runs with steam avereged approximatcly 
200 B.t.u. per cu. ft.; anc with the air, oxygen, and steam wixtures aver- 
aged between the low value with air and the high with steam 


Combustion of the coal wa.s easily maintained during the experiment. At 
the conclusion of the experiment, active combustion was stopped and the ,resi- 
due was cooled and examined. This examination showed that ccal in place‘\can 
be completely consumed, leaving only a residue of ash and clinker. Some 236 
tcns of coal were One: and no islands of unreacted coal or coke were 
found. 


As.a consequence cf high temperatures developed at the burning face, the 
overlying strata of roof rock became plastic, expanded, and settled down on 
the mine floor directly behind the reacting coke face. This forced the air 
and gas to flow through the cracked and porous. coke face, a very favorable 
develomment for the gasification process,;-as it filled the burned-out area 
and forced the air into intimat e contact with the burning coke face. 


Dowd, James J., Elder, James i. Capp, J» P., and Cohen, Paul, Experi- 
ment in Underground Gasification of Coal, Gorgas, Ala.: Bureau of 
Mines Rept. of Investigations 4164, 1947, 62 Dp. 

61/ McCabe, Louis C., Gasification of Coal Underground: Min. Cong. Jour., 

vol. 33, No. 8, August 1947, pp. 42-45, | 
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This behavior of the cap rock confirmed a preliminary test made cna 
slab of the rock removed from the mine before firing and shipped to Pitts- 
burgh for laboratory testing over a gas-fired test furnace. The similar 
behavior of the cap rock in the laboratory test and in the mine indicates 
that such preliminary laboratory tests may provide valuable prior evidence 
of conditions to be expected in a mine during underground gasification. 


LIQUEFACTION 


A report of Bureau of Mines progress in the Synthetic Liquid-Fuels Pr:- 
gram has been given to Congress in accordance with the act eae eter the 


program .0e 


' The authorization and objectives of the Synthetic Liquid-Fuels Program 
and the need for synthetic fuels, including raw materials and methods of con- 
verting, with a discussion of European developments and their. application to 
American conditions, have been discussed .63 The laboratories and demonstra- 
tion plants and progress for their operation and the division of duties withir 
the Bureau of Mines are given in that same publication. 


In response to a request for information written in popular style, an 
article describing the production of gas for synthetic fuel, the synthesis 
of oil from a gas, and known plans for commercial development was 


issued .C+ 
t 


Facilities for Research and Development, Bruceton, Pa. 


The buildings, including all services, are almost completed. An air- 
plane view of the buildings is shown in figure 43. The center building, 
which houses the administrative offices, drafting room, instrument shop, 
store rooms, and cafeteria, was completed in May 1947. Occupation of the 
coaal-hydrogenation building, which is the main building shown at. the right 
of the photograph, was started in April 1947, when the experimental plant 
at Pittsburgh was dismantled and moved to Bruceton. The large building show. 
at the left of the group of main buildings houses the Fischer-Tropsch researc: 
and demonstration laboratories. The power plant and coal-washing laboratory 
are shown in the foreground of the picture immediately adjacent to the rail- 
road siding. The sewage-disposal plant appears in the foreground of the 
picture, and the smaller buildings to the right of the main buildings are 
provided for oil storage and for the prevaration of hydrogenation and.carbon 
monoxide. 


+ 


62/ Secretary of the Interior, Report on the Synthetic Liquid Fuel Act from 


January 1, 1946 to December 31, 1946: 82 pp. 
63/ Fieldner, A. C., Synthetic Liquid Fuels Investigations of the Bureau of 
Mines: Science Counselor, March 1947, vol. 10, No. 1, pp. 8-10, 


24-26. 

64 / Newman, L. L., Synthetic Oil: Federal Sci. Prog., February 1947, 
DPe 11-13. 
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Figure yy, - Evaporative cooling pilot plant for synthesis of liquid fuel by 
hydrogenation of carbon monoxide. 
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Synthesis of Liquid Fuels from Hydrogen and Carbon Monoxide 


Process Development; Pilot-Plant and Bench-Scale Tests 


The preliminary work on the use of oil evaporation as coon ne medium 
for the Fischer-Tropsch synthesis was described in last year's report.05 
The redesigned, internally cooled converter (by oil evaporation), built to 
accommodate a catalyst bed'3 inches in diameter by 8 feet deep, is shown 
in figure 44. Adequate control of all operating conditions such as pres- 
sure, temperature, rate of cooling oil circulation, space velocity, and 
rate of recycling of end gas was provided in the unit. In addition, pro- 
vision was made for sample withdrawal and cooling oil injection at several 
points in the 3-foot column. About eight operations of 100 to 200 hours 
duration have been conducted with pelleted cobalt-thoria-Filter Cel catalyst 
Since the unit was completed. 


Experiments with countercurrent flow of cocling oil showed that the maxi- 
mum space velocity (volumes of synthesis gas per volume of catalyst per hour ) 
permissible without flooding is about 200; tests with cocurrent flow indi- 
cated that space velocities of 600 or greater could be used without flooding. 
The weight of oil obtained per unit volume cf catalyst per day (space-time 
yield) increased two and one-half fold when the space velocity was increased 
from 100 to 300. The gaseous hydrocarbons, methane and ethane, constituted 
only 15 to 20 percent of the hydrocarbon product. The space-time yield in- 
creased three and one-half fold when the space velocity was increased from 
100 to 450. A space velocity of 600 resulted in only a slight further in- 
crease in space-time yield. | 


The results thus far obtained indicate that it will be possible to ob- » 
tain 3 to 5 times the weight of oil per unit volume of catalyst ver day that 
is obtained in the Germany Ruhrchemie process, and it shows promise of equal- 
ing in industrial applicability the fluidized catalyst process recently de- 
veloped by American oil-company engineers. The internally.cooled converter 
Frocess 1s more versatile than the fluidized-catalyst prcecess in the respect 
that it is not limited to the use of only those catalysts that have certain 
critical fluidization characteristics. Additional extended operations are 
necessary with different modes of cooling-oil distribution, with a wider 
range of space velocities and at various onerating pressures. It will be 
necessary also to determine the effect of.recycling end gases and the ulti- 
mate yield, using multistage operation. 


A modification of operating procedure tested recently was the complete 
submersion of the catalyst in cooling. oil, the synthesis gas being introduced 
at the bottom of the converter. This procedure promises to eliminate the 
major cource of trouble in the operation of the internally cooled converter - 
that is, variation in distribution of cooling liquid in the column, which 
results in formation of hot spots and overheating of the catalyst. 


0 Fieldner, A. C., and Ambrese, P. M., Annual Report of Research and Tech- 


= 
i nologic Work on Coal, Fiscal Year 1946: Bureau of Mines Inf. Circ. 
THT, 1947, 142 pp. ; 
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Experiments have been in progress for about 2 months using a pelleted 
jron-copper-potassium carbonate catalyst in the internally cooled converter. 
Operation with this catalyst has been much smoother than with cobalt, largely 
because of the wider temperature range that may be employed without excessive 
formation of methane. 


The enlarged process development laboratory is continuing its explora- 
tory "bench" or laboratory-size experiments on several processes. A view 
of this laboratory is shown in figure 45. Three processes are now under 
investigation. They are: - 


1. The liquid-phase catalyst suspension process, which was described 
in last year's report. The experimental converter is 3 inches in diameter 
with a maximum capacity of 2 liters of catalyst suspension. The operating 
pressure is in the range of 1 to 30 atmospheres. Porous disks fabricated 
of sintered iron powder are used for distributing the Peed gas. Early re- 
sults of the investigation of operating variables in this process show that 
high pressures, high concentrations of catalyst in the slurry, and high gas 
input favor the reaction by increasing the absorption rate of the synthesis 
gas. Studies of catalyst-conditioning (starting the synthesis) and reacti- 
vation procedures are in progress. Based on the results thus far obtained, 
a new reactor has been designed to obtain maximum gas. to liquid interfacial 
area. | _ 


2. The hot-gas recycle process, in which all of the heat evolved during 
the synthesis is carried out of the synthesis vessel by the sensible heat of 
the gas. This process involves very large recycle rates of the order of 25 
to 100 parts of recycle gas to 1 part of fresh gas. A cost estimate showed 
that such recycling would add about 1 cent per gallon to the cost of pro- 
duction, as compared with other »vrocesses in which only 2 to 5 parts of re- 
cycle gas to 1 part of fresh gas are uscd. Further analysis indicates that, 
with modification of catalyst shape and extent of recycle, the process may 
be economically feasible. Bench-scale equipment has been designed for sore 
experimental work on this process. 


3. Experiments on fluidized fixed-hed processes are currently directed 
towards a study of the factors controlling the rate of elemental carbon deé- 
position on a fluidized iron catalyst. This problem now is of critical im- 
portance in the design of commercial plants using fluidized iron catalyst 
systems. 


Preparation and Testing of Catalysts 


X-ray diffraction natterns and magnetic susceptibility66/ of Fischer- 
Tropsch catalysts were reported. | 


| In the preparation cf large batches of precipitated iron catalysts under 
presumably identical conditions, it was cbserved that some were glossy black 


Hofer, L. J. E., Peebles, W. C., and Dieter, W. E., X-Ray Diffraction 
and Magnetic Studies of Unreduced Ferric Oxide Fischer-Tropsch Cata- 
lysts: Jour. Am. Chem. Soc., vol. 68, 1946, pp. 1953-1956, 
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and others were brown and much less shiny. Surface areas of these prepara- 
tions were measured by determining the nitrogen absorption isctherms at ~ 
-195° C. of catalyst in the unreduced state and. after induction at 230° C. 

in 1Hp + 1CO gas mixture. Chemisorption of carbon moncxide at -195° C. was 
reasured to determing the fraction of metallic iron present on the catalyst 
surface. From the data shown in table 29, it. was observed that both cata- © 
lysts had a high surface area and small pore structure in the unreduccd 

form. The isotherm of the black form of the catalyst wes of the type observed 
in silica gels, but the brown form was unusual in being linear from a rela- 
tive pressure of 0.1 to 0.7. When the catalysts were inducted for 2 hours at 
1 atmosphere pressure and 230° C.. with 1Ho +1CO gas, the areas dropped to 
22.9 to 15.5 square meters per gram for the black and brown catalysts, re- 
spectively. These are consistent with other data upon the change in surface 
areas of gel-type iron catalysts. 


TABLE 29. --Properties of Fe-Cu-K2C03 catalysts 


Unreduced . 
Catalyst Average After induction 
| Per- Surface]. pore Weight | Surface 


Avpnear-|cent, area diameter,; loss, area 


Ne. ance iron im.@/g. &1/ percent me? /g.2/ cc. /g.2/ Vm No3/ 
Composite | 
P-3003.03 ; an, * 
?-3003.042 (black) 156.7 | 303. «| «28.0 10.3 
P-300:3 605 | , 

) | | | 

P-3003.07 |(brown) }59.5]} 135 | 41.6 5.9 
1/ Calculated by the formula d = 4 Vl, where A is the surface arca and Vy 


A | 
the volume adsorbed at 0.98 relative pressure computed as liquid. 

2/ Per gram of unreduced catalyst. 
37 Veo chemi = volume cf chemisorbed CO, Vm = cc. of No in monolayer. 


Dr. H. Pichler, after a visit in May 1947 to the Kaiser Wilhelm Insti- 
tute, reports the results of a recent pilot-plant test made in one tube of 
the middle-pressure reactor using a catalyst prepared from 2 mixture of 
ferrous and ferric chlorides plus some copper as promoter. The catalyst 
was inducted by treatment with 1Ho + 1CO gas at about 225° C. for 48 hours. 
Operation was then started at 10 atmospheres and 200° C. This catalyst was 
still at peak activity after 4-1/2 months of continuous operation; the pres- 
ent operating temperature is 205° C: 


Data were obtained on various physical properties of unreduced-and re- 
duced-cobalt catalysts and of different types cf diatomaceous earth (kiesel- 
guhr) - namely, X-ray diffraction patterns, surface areas, and porosity.67 


Chemisorption of Gases: Jour. Chem. Phys-, vol. 15, 19 Ty 


Weller, S., 
Pp. 336. 
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X-ray diffraction patterns of natural diatomaceous earths and of un- 
reduced cobalt-thoria-natural diatomaceous earth catalysts showed them to. 
be almost completely amorphous, the sharpest line in the pattern being that 
due to the quartz present in the diatomaceous earth; the pattern of alkali- 
treated and calcined diatomaceous earth showed a well-developed crystal 
structure. The X-ray pattern of reduced cobalt-thoria-kieselguhr and cobalt- 
PHOT e Mens tae E esol gant catalysts showed the lined of cubic cobalt crys- 
tals. As the cubic form is unstable at room temperature, it is likely that 
the thoria and magnesia have an inhibiting effect on the conversion of cubic 
to hexagonal cobalt. 


The total surface area of reduced-and unreduced-cobalt axeaivets wes 
measured by determining the nitrogen adsorption isotherms at -195° C. After 
reduction of the catalyst, the fraction of metallic cobalt in the oourface 
was estimated by determining the carbon monoxide isothern at -195° C. Figure 
46 shows the nitrogen isotherms cf kieselguhr and of an unreduced cobalt- 
thoria-magnesia-kieselguhr catalyst, and. figure 47 shows the nitrogen ad- 
sorption isotherms for unreduced and reduced samples of the same catalyst. 
The isotherms are.of the usual S-shaped type, with only a slight. amount of 
hysteresis, indicating that the pore structure consists of capillaries, most 
of which are larger than 500 Kngstrom units in diameter. The nitrogen and 
carbon monoxide isotherms lie one above the other, the difference between 
“them representing the quantity of chemisorbed carbon monoxide. Most of the 
area in the unreduced catalyst is provided by the cobalt oxide promoter-con- 
plex, and only little by the kieselguhr. The surface areas: of the .catalysts 
are not additive with respect to the areas of the kieselguhrs used. Cata- 
lysts prepared from alkali-treated and calcined kieselguhr have lower areas 
than those prepared from natural kieselguhr; and in most cases the difference 
is greater than éafi be accounted for by assuming ndditivity of surface areas 
of the kieselguhr and the cobalt-promoter complex. Surface area measurements 
on cobalt-thoria-magnesia-dtatomaceous earth catalysts showed that their 
activity in the synthesis varies directly with the surface area of the 
unreduced catalysts. 


From the data shown in table 93"? it was observed that upon reduction in 
a rapid stream of hydrogen at 4oo® c. for 2 hours, the surface area of the 
doubly promoted cobalt-thoria-magnesia-natural iciesciauhr decreased to. 75 
percent of that of the unreduced catalyst, whereas the surface area of the 
Singly promoted cobalt-thoria-natural kicselguhr catalyst decreascd to 35 
percent of that of the unreduced catalyst. Thus, the presence of promoters 
in cobalt catalysts makes reduction more difficult and prevents sintering. 
It is of interest to note that the surface area of the doubly promoted cata- 
lyst containing alkali-treated and calcined kieselguhr decreased to 55 per- 
cent of that of the unreduced catalyst. 


Kinetic studies of rates of carbiding of cobalt and iron catalysts by 
carbon monoxide, of hydrogenation of the carbide, and of the synthesis have 
yielded some information concerning the temperature and pressure dependence 
of these rates. A general reaction-rate- law, which was not restricted to 
constant préssuré or constant volume and which was apvlicable to flowing 
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Figure 46. - Adsorption isotherms of nitrogen at -195° C. of unreduced 
cobalt Fischer-Tropsch catalyst 89JU in granular and pelleted forms 
and kieselguhr used as catalyst support plotted for weight of kie- 
selguhr per gram of catalyst. © represents 89J/ granules; A repre- 
sents 89J pellets; and 6 represents kieselguhr. Adsorption points 
are open and desorption pointe solid. 
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Figure 47. = Adsorption of nitrogen at -195° C. on unreduced- and 
reduced-cobalt catalyst 89J. © represents unreduced catalyst, 
and ©,a, and & represent different samples of reduced cate- 
lyst. Desorption points are solid, and volume of gas corres- 
ponding to a monolayer is represented by X. 
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Figure 47. - Adsorption of nitrogen at -195° C. on unreduced- and 
reduced-cobalt catalyst 89J. © represents unreduced catalyst, 
and ©,a, and & represent different saaples of reduced cata- 
lyst. Desorption points are solid, and volume of gas corres- 
ponding to a monolayer is represented by X. 
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systems, was obtained for homogeneous isothermal reactions in ideal sys- 
tems .0¢/ Mention was made of modifications required for the consideration 
of systems that are nonisothermal. These results will be of value in the 
interpretation of data obtained experimentally in kinetic studies of the 
mechanism of the Fischer-Tropsch reaction. 


TABLE 30. - Adsorption of nitrogen and carbon monoxide at -195° Cs: On 
unreduced- and reduced-ccobalt catalysts and cobalt oxide 


Reduction method 


a* Space Loss, 
Tempera - | velocity/ | weight 
ture, °C. | Hours hourL/ 


Surface 
area, 


2 /g.2/ 


1/ Volumes hydrogen per bulk volume of catalyst per hour. 
e/ All adsorption data per gram of unreduced catalyst. 

3 / Cobalt-thoria-magnesia-kieselguhr. 
Cobalt-thoria-kieselguhr. 


Rates of carbiding by carbon monoxide, of hydrogenation of the carbide, 
and of hydrocarbon synthesis from 2H> + 1CO gas mixture were measured for a 
cobalt-thoria-kieselguhr and a cobalt-thoria-magnesia-kieselguhr catalyst 
using an all glass apparatus, including a circulating pump. A similar in- 
vestigation was begun for a precipitated iron catalyst. The gases were cir- 
culated over the catalyst and then through the liquid air traps so as to 
condense all products excent about 1 cm. partial pressure of methane. The 
pressure was automatically adjusted to a constant value during each experi- 
ment, and the change in volume of the reactants was measured. It was found 
that the initial carbiding rate for cobalt catalysts was of the same order 
of magnitude as the synthesis rate, but that the subsequent "steady-state" 
rate of carbiding of the bulk of the catalyst was about ten times lower than 
the rate of the synthesis. The rate of hydrogenation of the carbide was very 
much faster than carbiding and synthesis at synthesis temperatures. Per unit 
ot metal surface, carbiding of the iron catalyst proceeded about five times 
more quickly than the carbiding of the ccbalt catalyst. However, hydrogena- 
‘ion of iron carbide proceeded more slowly than carbiding, at synthesis 
temperature. It was observed that the temperature and pressure dependence 
of the carbiding rate were essentially the same for ccbalt and iron catalysts. 
The implication is that the same step is rate-determining for the carbiding 
of both metals. 


Brinkley, S. R., Jr-, and Weller, S., Generalized Form of the Reaction- 
Rate Law for Homogeneous Reactions: Jour. Am. Chem. Soc., vol. 69, 
1947, pr., 1319-1321. 
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An investigation of the role of cotalt and iron carbide in the Fischer- 
Tropsch synthesis is under way because the theory has long been nopular that 
during the reaction these metal carbides are formed and subsequently reduced 
to methylene (CHs) groups. The concept of metal carbide as a synthesis in- 
termediate has been used rather locsely. Distinction has rarely been made 
between bulk carbide and "surface" carbide as a possible intermediate. ‘The 
idea of “surface” carbide is elusive, since it is very difficult to distin- 
guish between a "surface" carbide ang adsorbed carbon monoxide. However, 
evidence has been accumulated which demonstrates that bulk carbide, in the — 
‘case of cobalt catalysts, probably is neither an intermediate in the syn- 
thesis nor a catalytically active substrate for the synthesis 69 


Recent work in the physical chemistry and catalvst-testing laboratories 
Shows that the presence of extensive amcunts of carbide in cchalt catalysts 
severely inhibits the Fischer-Tropsch synthesis. In one experiment, for 
example, ‘a cobalt-thoria-magnesia-kieselguhr (100:5:12:200) catalyst was 
reduced with hydrogen at 4oo° Cc. and carbided with carbon monoxide for 20 
hours at 200° C.; the volume of carbon monoxide reacted was equivalent to 
70 percent conversion of the cobalt +o CooC. Expesure of this carbided 
sample _ t6 circulating synthesis gas resulted in an over-all synthesis rate 
at 150° C. cf 60-70 x 10 4 grams of carbon per gram of cobalt per hour. 
After removal of the carbide by hydrogenation at 150°-19h° C. and reexposure 
of the sample of synthesis gas, a synthesis rate of 250-200 x 10-4 grams 
carbon per gram cobalt per hour was observed, an increase of 400 percent. 

It may be noted that the distribution of synthesis products was about the 
same in both cases. 


In another case, a sample of cobalt-thoria-kieselguhr (100:18:100) 
catalyst which had been completely carbided at 2109 C. was found to exhibit 
no anpreciable activity in the synthesis under conditions where a control 
sample, similarly reduced initially but not carbided, gave copious yields of 
oil and water. Partial hydrogenation of the carbided semple at 190° C., with 
removal of 72 nercent of the carbon which had been introduced, restored the 
activity to about one-half the normal value. 


It was further shown that the lcss of synthesis activity on carbiding 
can persist even when synthesis is continued for several deys. Another 
sample of cobalt-thoria-kieselguhr catalyst was carbided for 24 hours at 
200° C. after initial reduction. On exposure to flowing synthesis gas at 
180° C., the carbided sample originally shcewed no catalytic activity, as 
measured by the fractional decrease in gas volume (contraction) as the gas 
passed through the converter. During operation for one day at 180° C., the 
contraction rose to 20 percent, but it did not increase further during an- 
other day of synthesis. Increasing the temperature to 190° C. increased the 
- contraction only to 32 percent even after a neriod of a day. Subsequent 
hydrogenation of the sample at 210° C. and reexposure to synthesis gas re- 
sulted ina normal contraction of 60 percent at 180° C. Recarbiding cf the 


Hofer; L. J. E., and Peebles, W. C., Preparation and X-ray Diffraction 
Studies of a New Cobalt Cerbide: Jour. Am. Chem. Soc., vol. 59, 
1947, pp. 893-899. : 
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active catalyst for 24 hours at 200° C. again reduced the activity to the 
low value observed after the first carbiding, and rehydrogenation of the 
carbided sarnple again restored the normal activity. These results are 
graphically presented in figure 48. ace - 


It should be noted that this inhibitory effect of precarbiding before 
synthesis is not explainable as a roisoning due to free carbon deposited 
during the carbiding,. since the effect is ccmpletely reversed by hydrogena- 
ticn at temperatures where free carbon is nct affected. These experiments 
show that bulk cobalt carbide is not a catalyst for the synthesis; this 
conclusion, furthermore, is. contrary to that which would be exrected if 
bulk carbide were an intermediate in the synthesis. | 
A second line of evidence which indicates that bulk ccbalt carbide is 
now cf importance in the synthesis is furnished by X-ray analysis of cata- 
lysts which have been used in the synthesis. It has previously been shown 
that on low-temperature carburization with carbon monoxide, reduced cobalt 
catalysts form a carbide, CooC, which has a characteristic X-ray diffraction 
pattern. This fact vrovides a means of identifying cobalt carbide in the 
catalyst. It was then observed by X-ray analysis that if,catalyst samples 
were yartly carbided before synthesis and then used in synthesis, carbide 
was Still present in the samples, even after several days of synthesis. (In 
pure hydrogen, the carbide would have been completely removed as methane in 
several hours.) On the «ther hand, if the samples were used in the synthesis 
immediately after reduction (that is, no »recarbiding), no carbide was ever 
found at the conclusion of the synthesis. In <ther words, bulk carbide is 
aprarently not built us in avpreciable quantity during steady-state synthesis, 
while carbide already zresent epoarently is not removed at an anpreciable 
rate during steady-state synthesis. Although quantitative determinaticns cf 
the amount of carbide present under given conditions have yet to be made, 
the indication is that bulk carbide is neither formed nor destroyed as part 
cf the synthesis process. 


The final evidence to be adduced in connection with the role »>f bulk 
carbide is alse based on X-ray analysis. It has been shown that cobalt in 
catalysts reduced at 360 -400° C. is present primarily as cubic cobalt. 

Cibic cobalt is thermodynamically unstable with respect to hexagonal ccbalt 
at temera tures below abcut 340° C. Carbiding of the reduced sample and 
hydrogenation of the carbide, both at 200° C., always convert the cobalt te 
Be low-temperature stable, hexagcnal form. Now all samples of cobalt cata- 
lysts (not precarbided) which have been examined after use in the synthesis 
fave Giver, qa diffraction pattern identical with that of the freshly reduced 
‘stalyst. If any aprreciable amount of the cobalt had been through the cycle 
co one and hydr-genation at any time during the synthesis, it would 

: Since peered as hexagonal, not cubic, cobalt in the used catalyst sample. 
Oar did not occur, it fcllows that, within the limits of the X-ray 

han 2 the cobalt was net converted to bulk carbide and subsequently hydro- 
“nated G@uring the synthesis; that is, bulk carbide is not intermediate in 
“he synthes‘s, 
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Synthesis of Liguid Fuels by Rydregenat ion of Coal 
Exveriments in Small Autoclaves 


Data obtained in the absence of high-pressure hydrogen show that scl- 
vents for bituminous coal may be grouped into three classes: The very good 
solvents 1, 2, 3, 4- tetrahydro~+5~hydroxynaphthalene and O-cyclohexylphencl; 
the moderately effective solvent tetralin; and the less effective solivents 
dicyclchexyl, e-methoxy-1l- -~cyclohexylbenzene, diphenyl, naphthalene, crescl, 
and o-rhenylphenol, This classification of solvents on the basis of their 
effectiveness can be correlated with the chemical structure cf the solvents 
The least effective grcup of solvents can dissolve 20 to 30 percent of the 
coal at 400° C. Apparently the only requirement for this action is that the 
solvent be a high-boiling aromatic compound or a hydroaromatic compound that 
is only slowly dehydrogenated under these conditions. If the solvent can 
function as a good hydrogen donor, its effectiveness is enhanced. Tetralin 
is easily dehydrogenated and accordingly gives moderately good liquefaction 
results. If, in addition to a hydroaromatic ring, a solvent possesses an 
aromatic hydroxyl group, this solvent is an extremely effective vehicle for 
liquefying coal. Such solvents are o- -cyclohexylphenol and 1, 2, 3, 4-tetre- 
hydra-5-hydroxynaphthalene. 


In the group of less-effective solvents, the hydroaromatic comp-unds are 
generally supericr to the corpletely aromatic comncunds. The effectiveness 
of tetralin and the other hydroaromatic solvents is almost certainly due to 
their ability to act as hydrogen donors to the coal substance. In, pure con- 
pound studies, it has been shown70/ that tetralin can readily hydrogenate 
anthracene. It was of considerable interest in the present instance to learn 
the extent of the hydregen transfer from o-cyclohexylphenol to coal. At the 
conclusion of one solvation experiment, the cyclohexylphenol-phenyl phenol 
fraction was separated from the reaction mixture by distillation at atmos- 
pheric pressure and the ultraviolet absorpticn spectrum of this mixture de- 
termined. The spectra showed the conversion of 9 percent o- cyclohexylphenol 
to o -phenylovhenol which corresponded to a hydrogen consumption of 1.4 per- 
cent by the dry, ash: free coal. This smell consumption of hydrogen was very 
effective in producing liquefaction of the coal. 


The effectiveness of a sml1l quantity of hydrogen available from a hydro- 
gen donor like tetralin is illustrated by ancther series of solvation exper!- 
ments. In this group of experiments the solvent consisted cf a mixture of 
tetralin and cresol in varying proportions. In each experiment, 160 grams 
of sclvent mixture was heated with 40 grams of coal for 0.5 Hour at 4oo° Cc. 
The results are shown in figure 49, Those results show that the addition 
of small quantities of cresol to tetralin or the addition of small quanti- 
ties of tetralin to cresol results in higher liquefaction than that cbtained 
with the pure solvent alone. The addition of a small amount of tetralin to 
cresol appears to have a particularly great effect. This effect can be as- 
cribed to the influence cf the small but effective quantity of hydrogen 
furnished by the tetralin. 


Orchin, M., Hydrogenaticn cf Anthracene by Tetralin: 
Soc., vol. 66, 1944, pp. 535-538. 


Jour. Am. Chen. 
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Figure 49. - Solvation experiments with various proportions of tetralin and cresol. 
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The effectiveness of a small quantity cf hydrogen in preducing coal 
liquefaction is probably due to the hydrcegenolysis of some peculiarly sus- 
ceptible linkages in the coal structure. Thermal treatment alone ‘does not 
sever these bonds to produce a liquid prod@ict;. but if the coal is made to 
consume about 1 to 2 percent hydrogen, a completely liquid product can be 
obtained. The Peete oe bonds are very probably panoe as to- =OXTEER: pence 


The effect a an hydroxyl group in the scavent is indeed striking. i, 
2, 3, 4-tetrahydronaphthalene gives about 50 percent. liquefaction; 1, 2, 3, 
4-tetrehydro-5-hydroxynaphthalene gives 85 percent liquefaction. "The methyl 
ether of cyclohexylphenol (o-methoxycyclohexylbenzene) gives 29 percent 
liquefaction; »--cyclohexylphenol gives 82 percent liquefaction. The effec- 
tiveness of the hydroxyl group is prOeauey, related to ae h ydrogen bonding 
properties. 


The effect of concentration of the hydrcexylated solvent in a mixture 
used for the solvation of coal is shown in table 31. In ‘these experiments, 
a mixture of various concentrations of o-cyclohexylphenol in the methyl 
ether of o-cyclohexylphcnol was used as the vehicle. The results show that 
a large excess of the hydroxylated solvent must be present to et good 
liquefaction of coal. | 


TABLE 31. - Solvation experiments at hoo’ -c. (0.5 hour), using various 


| Liquefaction, 


Vehicle | percent 
1CO percent R-OH ..... : Scie es har sarete Cate ec Aagl ahaha iat i re eee | de: 
38 percent R-OH; 62 percent "R-OCH3 ee re ee DO 

d percent R-OH; 92 rercent R- OCH3 baseman nner: 32.6 
LOG) PEGCent R=OCH 4: <eue26aier anaaeue eee bath ered meet oe pa 30 2 


The solutions of coal in cyclohexylphenol are quite stable. In one ex- 
periment such a solution was kept in air at 45° for 19 days. During this 
time, virtually no material precipitated. The word "solution" is used in 
the sense that no material can be separated from the solutions by ordinary 
centrifugation or filtration. Microscopic examination of these solutions 
at 400 magnification showed them to oe substantially free of solid particles. 
It is conceivable that the “solutions” are colloidal dispersi ons. {i 


In the presence of high-pressure hydrogen, the degree cf liquefaction 
chtained with hydroaromatic compounds was substantially the same as that 
with the ‘corresponding aromatic compound. Under solvation conditions, how- 
ever, the hydroaromatie compcund in each instance gave superior ee It 
is apparent that, under solvation conditions, a hydrogen-donor vehicle is 
superior to a completely aromatic vehicle, while, under hydrogenation 


Kreulen, D. J. W.; Fuel: Vol. 24, 1946, p. 99. This is an article of 
special interest in connection with the colloidal nature of coal. 
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conditions, the high-pressure hydrogen serves as the principal source 6f 
hydrogen, and the hydroaromatic feature of structure of the vehicle is no 
longer essential for good liquefaction results. The higher consumption o? 
hydrogen observed with the aromatic partner of each pair was due to hydro- 
genation of the aromatic vehicle. That the hydroaromatic feature of struc- 
ture is without significance in hydrogenation experiments is also shown by 
a comparison of results with cresol under solvation and hydrogenation condi- 
tions. The presence of high-pressure hydrogen increased the liquefaction 
from 32.1 percent to 91.7. 


a Although upace: Avdropensticn Gonaietone it dces not appear to make much 
difference whether an aromatic, a hydroaromatic, or a naphthenic compound is 
used, considerable advantage is to be gained from using material as a vehicle 
that ccntains an aromatic hydroxyl group. 


Detailed data have been obtained on the efficiency of zinc-antimony and 
tin-zinc-antimony mixtures as catalysts in the conversion of bituminous coal 
to heavy oil. In the presence of tin and ammonium chloride, which is the 
catalyst usually employed for liquefaction of bituminous Soak: the production 
of benzene-scluble material is quite rapid, but the conversion of this m- 
terial to a petroleum ether-soluble oil is a slow reaction. This is illus- 
trated by figure 50 from which it is seen that the rate of disappearance of 
asphaltic material (benezene-soluble, petroleum ether-insoluble) is slow at 
temperatures below about 450° C. The efficiency of new catalysts in acceler- 
ating conversion of asphaltic materials to petroleum ether-soluble oil is 
best-studied at-temperatures below 450° C.- Im figure 51, the efficiencies 
at 415° c. of 1 percent tin metal, 1 percent zinc-antimony alloy, and 0.5 
percent tin metal plus 0.5. percent. of zinc-antimony alloy are shown. It is 
apparent. that.tin is a good liquefaction catalyst but a relatively poor. one 
in accelerating asphalt conversion, whereas the reverse is true for zinc- 
antimony alloy, which is a poor liquefaction catalyst but which greatly 
accelerates asphalt conversion. The ternary catalyst containing tin, and 
zinc-entimony alloy is wery See onene for both liquefaction and asphalt 
conversion. | it 


Senaration and Identification of Constituents of evatheeie Liguia fuels 


The steps in the separation and identification of sguthetic liquid-fuel 
components are: Primary distillation; separation of distillation fractions 
into types of compounds by solvent extraction or by adsorption on elumina or 
Silica gel; precision distillation; analysis of lower-boiling constituents by 
Spectrometric methods; identification of higher-boiling constituents by meas- 
urements of density; refractive index; and preparation of pure derivatives of 
known melting point. The laboratories in which these procedures are con- 
ducted are the precision distillation laboratory shown in figure 52, the 
spectrometric laboratory, figure 53, and the organic laboratory, figure 5h. 


The limitations of atmospheric pressure distillation were clearly recog- 
nized as a result of work on the characterization of light oil from coal 
hydrogenation. f2/ 


Te/ Kaplan, E. H., Storch, H. H., and Orchin, M., Hydrogenation and Ligue- 


faction of Coal. Part V. Characterization of Light Oil: Bureau of 
Mines Tech. Paper 690, 1945, 18 pp. 
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For the characterization of high-boiling cils from both the Fischer-. 
Tropsch and the coal-hydrogenation processes, precise vacuum distillation is 
essential. To establish satisfactory standards for vacuum distillation, 
several pairs of compounds whose boiling point and other physical properties 
differ only to a small degree are being investigated. Cyclohexyl-cyclo- 
pentane. plus n-dodecane constituted one pair and another was tridecane plus 
dicyclohexyl./3/ . Because a study cf the vapor pressures of the pure com- 
pounds and of mixtures showed that these two pairs were not entirely satis- 
factory as standards for precision vacuum distillation, further work is 
flanned on the study of pairs consisting of hydrocarbons and the ccrres- 


nonding deutrocarbons. 


Fer the identification of narrow boiling fractions containing only one 
type of hydrocarbon, their characteristic physical constants, namely, melting 
points, refractive indices, infra-rea74/ and ultra-violet absorption spectra, 
are determined. In addition, the preparation of chemical derivatives, such 
as the complex compounds of aromatics with 2-4-7-trinitrofluorenone,{3/ is 


useful for identification purposes. | 


Identification of compounds in coal hydrogenation oils: and an under- 
standing of the probable mode of formation has beén aided by a study of-.aro- 
matic cyclodehydrogenation of substituted aromatic compounds.70,i7 } 


_ Recent precision distillation and infra-red spectrometric work on 
Fischer-Tropsch products showed that all of the straight-chain paraffins up 
to those containing 20 carbon atoms were present in the distillable fraction 
(about 85 percent of the total product). About 10 percent of branched-chain 
ea chiefly those with a methyl group in the 1 or 2 position, was 

ent, | . | 7 : 


the pn new and very promising X-ray diffraction procedure for determining 
aoe: ent of branching of Fischer-Tropsch products using not’ more than 1 
se ie is being developed. All normal aliphatic organic compounds, 
mieeu) ydrocarbons, alcohols , and fatty acids in the liquid state, have 
natt a¥ diameters (or "Bragg" spacings, as determined from the diffraction 
vattern) between 4.54 and 4.54 Angstrom units, with the exception of the. © 


Orchin | M., and Feldman, J., The Isomerization of Dicyclohexyl: 

4) Am. Chem. Soc., vol. 68, December 1946, pp. 2737-2738. 

—~' “riedel, R. A., McKinney, D. S., The Infra-red Absorption Spectra of 

ee Gaseous Morpholine: Jour. Am. Chem. Soc., vol. 59, 1947, 

y/ , 2Ps 604-607. a ees 

B/ Orchin, M., and Woolfolk, E. 0O., Molecular Complexes with 2-4-7-trini- 
| trofluorenone: Jour. Am, Chem. Soc., vol. 68, 1946, pp. 1727-1729, 

6) Orel: 69, 1947, pp. 1225-1227. oe 

=“ Chin, M., Synthesis of Fluorene and Its Derivatives: U. S. Patent 

ae < 5474 118, January 1947. : 


i/ Or : cee 
atts M., and Reggel, L., Aromatic Cyclodehydrogenation, Part V. A 
Ynthesis of Fluoranthene: Jour. Am. Chem. Soc., vol. 69, 1947, 
BB. 505-509. 
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first three or four members of the series. Branched compounds, such as 2, 
2, 4-trimethylpentane, have Bragg spacings of 6.00 Kngstrom units; less 
highly branched hydrocarbons having intermediate spacings. The Bragg spac- 
ings of straight-chain and branched chain hydrocarbons were plotted against 
the ratio of the numbers of carbon atoms in the branched chains to the total 
number of carbon atoms. The data are well-represented by a smooth curve, 
which will be used as a standard for determining the degree of branching of 
Fischer-Tropsch products which are available in only very small amounts fron 
catalyst testing experiments. oo 


Chemical Engineering Research, Design of Special Instruments and Equipment, 
and Cost Estimates on Synthetic Liquid Fuel Processes 


Experiments to Provide Data for the Design of Fischer-Tropsch Pilot Plants 


| The data necessary for (mathematical as opposed to "intuitive") design 
of Fischer-Tropsch pilot plants are: A knowledge of the chemical nature of 
the rate-determining step in the synthesis, the temperature and pressure > 
coefficients of the rate, complete data on the composition of the reacting 
system at several points: along the path of the gases through the catalyst 
bed, the heat evolved during the synthesis, and adequate knowledge of the 
laws governing heat transfer in the particular process being considered. 
Some of these data, such as the temperature and pressure coefficients of the 
synthesis rate, havé been obtained from recent measurements in the physical 
chemistry and catalyst-testing laboratories. Proof of the nature of the 
- rate-determining step is not yet available, For the internally cooled 
Fischer-Tropsch converter, analysis of the composition of the reacting sys- 
tem at several points in the 8-foot catalyst bed is underway. Selection 
and improvement of the mathematical analysis procedures also are being 
conducted. 


An analytical criterion was publishea78/ for the choice of individual 
components in systems of many constituents and relations derived79/ which 
form the basis for systematic calculation of the equilibrium composition of 
such systems as, for example, the equilibrium obtained in production of syn- 
thesis gas. These calculations are also of value in the study of the compo- 
sition of the Fischer-Tropsch reacting system at intervals along the catalyst 
bed. Expressions were dcrivea30/ for the temperature distribution in an 
adiabatic catalytic converter, as, for example, in the hot-gas recycle 
process. i a ee 


Fuels and Lubricants Missions 


Although the major portion of the work of the Fuels and Lubricants Mis- 
sions to Germany was completed before the end of June 1946, five men remained 


7O/ Brinkley, So. R., Jr., Note on the Conditions of Equilibrium for Systems 


_ of Many Constituents: Jour. Chem. Phys., vol. 14, 1946, pvp. 563-564. 

79/ Brinkley, S. R., Jr., Calculation of the Equilibrium Composition of Sys- 
tems of Many Constituents: Jour. Chem. Phys., vol. 15, 1947, pp.107-l¢. © 

80/ Brinkley, S. R., Jr.,Heat Transfer Between a Fluid and a Porous Solid 
Generating Heat: Jour. Appl. Phys., vol. 18, 1947, pp. 582-585. 
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or were sent to Germany during 1947 to direct the activities of several 

groups of German fuels and lubricants technologists who are leading experts 
in their fields. These technologists have been compiling summary reports 

of progress in hydrogenation of coal, synthesis of carbon monoxide and hydro- 
gen by the Fischer-Tropsch process, production of synthetic lubricants, and 
use of additives for improving the performance of motor fuels. Some of their 
reports are now being edited by the Joint Intelligence Objectives Agency. 
Others are now available from the Publications Board, United States Depa ~t- 
ment of Commerce, and because of the broad scope of the investigations end 
the interest 5 the formation some reports have been published by the Bureau 


of Mines 81 82 


Samples of catalysts, fuels, and lubricants were distributed for analysis 
and report vy the various members of the Sample Analysis Groups working under 
the joint sponsorship of the American Petroleum Institute and the Bureau of 


Mines, 
i 

The library of Foreign Synthetic Liquid Fuels information has been moved 
from Washington to the Bureau of Mines at Pittsburgh, Pa. Arrangements have 
been continued with the Library of Congress for providing copies of microfilm 
reels to those who cannot conveniently make use of the library facilities. 
There are now 1 »37> separate reports prepared by 11 different groups, all 
relating to some phase of synthetic liquid fuels and their production. 


OL 
ie fara gher, W. F., and Horne, W. A., Interrogation of Dr. Pier and Staff 
I. g, Farbenindustrie A. G., Ludwigshafen and Oprau: Bureau of Mines 


£2/ fol? Circ. 7376, 1946, 27 pp. 
Toyd, R., Report on Investigations by Fuels and Lubricants Teams at 


Aas I. G. Farbenindustrie, A. G., Works, Ludwigshafen and Oppau: 
Ureau of Mines Inf. Circ. 7375, 1946, 75 pp. 
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